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Office of Air, Waste & Toxics

Ms. Jan Palumbo (AWT-150)
United States EPA, Region 10
1200 Sixth Avenue, Suite 900
Seattle, WA 98101

Subject:

	

Source Area Investigation and Chemical Oxidation Bench Study Results
J.H. BAXTER ARLINGTON FACILITY
Docket No. RCRA-10-2001-0086

Dear Ms. Palumbo:

This letter serves as the transmittal for the Source Area Investigation and Chemical Oxidation Bench

Study Results Report for the former J.H. Baxter wood treating facility located at 6520 188 th Street NE

in Arlington, Washington. This work was conducted under the Administrative Order on Consent

(AOC) for the J.H. Baxter & Co. (Baxter) facility dated April 30, 2001.

The report provides the results of the bench scale chemical oxidation study conducted to evaluate

chemical oxidation as a potential technology in areas where soils contain residual non-aqueous phase

liquid (NAPL). The results were mixed. Chemical oxidation was capable of reducing the PCP

concentrations; however, the amount of persulfate required (23 glkg or 1,000,000 pounds of

persulfate) was significantly higher than previously estimated (3.3 glkg or 120,000 pounds) and this

resulted in a mass removal of approximately 50%. To achieve additional removal, significant amounts

of persulfate remained unused.

We look forward to discussing these results and alternatives for moving forward next Monday.

If you have any questions, please contact me at (650) 349-0201.

Sincerely,

CA 'het- *TO-

Georgia Baxter
Chief Executive Officer

cc:

	

Jeanne Tran, Ecology
Jamie Hillery, Stella-Jones Corp.
RueAnn Thomas, Nattura Group

1700 El Camino Real, Suite 365

	

P.O. Box 5902

	

San Mateo, CA 94402

Phone 650 349 0201

	

Fax 650 570 6878

J.H. BAXTER & Ca, a California Limited Partnership

iBaxter
March 18, 2015
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J. H. Baxter & Co.
P.O. Box 10797
Eugene, Oregon 97440

Attention:

	

Ms. RueAnn Thomas

Subject:

	

Source Area Investigation and Chemical Oxidation Bench Study Results
J.H. Baxter & Co., Arlington, Washington Facility

Dear Ms. Thomas:

AMEC Environment & Infrastructure, Inc. (AMEC) has prepared this Source Area Investigation and

Bench Study Results, and Chemical Oxidation Pilot Test Design (Report) for the wood treating facility

located at 6520 188 th Street NE in Arlington, Washington ([Facility] Figure 1). Recent studies at the

facility have been conducted pursuant to the Administrative Order on Consent (AOC) dated April 30,

2001.

A site plan is presented in Figure 2, and the Areas of Concern are shown on Figure 3. This Report

provides additional characterization data and a pilot testing design to support in situ chemical

oxidation (ISCO) as a potential technology in the area of soils containing residual non-aqueous phase

liquid (NAPL) in soil (green areas in Figure 3), and natural attenuation as a potential technology in the

pentachlorophenol (PCP) plume, as described in the Corrective Measures Study (CMS), Revision 3

(AMEC, 2013a). The CMS was submitted to United States Environmental Protection Agency (EPA) on

April 17, 2013.

BACKGROUND AND APPROACH

The Facility is currently operated by Stella-Jones Corporation, and uses PCP as the primary wood

treatment chemical. Numerous investigations and remedial activities have been completed at the

facility since the 1990s. Comprehensive background information regarding the Facility's history and

the nature and extent of constituents of concern (COCs) in soil and groundwater are presented in the

2005 Site investigation (SI) Report (Baxter, 2005) and the CMS (AMEC, 2013a).

The SI and earlier investigations conducted in the 1990's identified both residual NAPL and mobile

NAPL in the Main Treating Area that contributes to a PCP groundwater plume extending off-site.

AMEC Environment & Infrastructure, Inc.
7376 SW Durham Road
Portland, Oregon
USA 97224
Tel+1 (503) 639-3400
Fax+1(503)620-7892
www.amec.com
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Several technologies were presented in the CMS (AMEC, 2013a) to reduce COC concentration and

mass in the areas of residual and mobile NAPL in the Main Treating Area ("source areas"). Chemical

oxidation was selected in the CMS as a component of the preferred alternative, pending the collection

of additional facility-specific data and pilot testing.

To assess the effectiveness of the chemical oxidation technology at the Facility, a series of tasks were

proposed in the Revised Source Area Investigation and Chemical Oxidation Pilot Test Work Plan

(AMEC, 2013b).

The proposed tasks included the following:

▪ Task 1 - Collect Source Area Soil Data. Collect additional soil data from the NAPL-affected

source area by advancing four boreholes and collection of up to six representative soil

samples for laboratory analysis. The boreholes were intended to provide additional data within
the source area to characterize geology, assess vertical COC distribution, and to provide

material for bench studies.

• Task 2 - Collect Source Area Groundwater Data. Collect additional groundwater data from

existing wells in and near the source areas to determine the chemical, geochemical, and

biological parameters and the likelihood/potential for the use of monitored natural attenuation
(MNA) or biological amendment to support plume degradation. Additional groundwater from
these wells will be collected for bench studies.

• Task 3 - Bench Testing of Source Area Soil. Conduct bench testing of soil and groundwater

material from the source areas to assess selection of oxidants and determine oxidant demand.

• Task 4 - Evaluation of Bench Scale Data and Design of Pilot Test. Compile and evaluate

data from the supplemental soil and groundwater sampling in the source areas, as well as the

bench tests. Information summarized in this evaluation will be used to design the pilot test to

be implemented at the Facility, if warranted.

All work was completed in accordance with industry standard practices, and in accordance with a

Facility-Specific Health and Safety Plan. Drilling, sampling, and laboratory analysis activities for both

soil and groundwater were conducted in accordance with the existing Sampling Analysis Data

Management Plan (SADMP) included as part of the 2002 Site Investigation Work Plan, Revision 2

(Baxter, 2002) including the collection and analysis of field duplicates and equipment rinsate blanks

for quality assurance as specified in the SADMP.

TASK 1 - SOIL BORINGS IN SOURCE AREA

Four borings were completed within the source area in September 2013 (Figure 4). The borings

extended to below the depth of residual NAPL, or approximately 40 feet below ground surface (bgs).

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61 M-125612.01.2
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The locations of the borings represent locations with varying thickness of residual and mobile NAPL

areas with wood debris, and areas with known mobile NAPL as follows:

• Soil Boring SB-A: This borehole is located in the northern lobe and represents an area

where wood waste has been documented previously, and is adjacent to MW-12 where mobile

NAPL has been historically present.

• Soil Boring SB-B: This borehole is located in the area with the greatest thickness of residual

NAPL in the northern lobe.

• Soil Boring SB-C: This borehole is located in the southern lobe of residual NAPL, and, based

on previous borehole logs, contains a residual NAPL over an approximate 10 foot area. This
location will provide soil material that is relatively free of residual NAPL so that background

oxidant demand can be calculated.

• Soil Boring SB-D: This borehole is located in the area with the greatest thickness of residual

NAPL in the southern lobe.

Each boring in the Source Area was advanced using rotosonic drilling technology to maximize soil

recovery. A soil core was retrieved from the entire length of each boring, and inspected by a geologist

for soil types, lithology, obvious signs of contamination (using visual, olfactory, and vapor monitoring

methods), presence/absence of water or NAPL, and presence of debris or non-soil matter (Baxter,

2002 - SADMP Section B2). Representative grab samples were obtained from the soil borings and

retained for laboratory analysis and bench testing as summarized on Table la. A flow chart illustrating

the decision process for selection of soil samples for laboratory analysis and bench testing is provided

as Figure 5.

FIELD OBSERVATIONS

Boring logs are presented in Attachment A. The boring logs and analytical results reveal the following

about the putative source areas:

1. Soil types encountered include aggregate gravel base near the surface, near surface wood

debris at SB-A and SB-B, and fine to coarse sand and gravel at depth.

2. Vadose zone soils were moist in all four boreholes. Saturated conditions (wet) were observed

at depths between 29.5 feet bgs and 33 feet bgs.

3. At SB-A and SB-B, odor and volatiles are first detected in the wood debris starting at 6 and 3.5

feet bgs, respectively, and in sand at 3.5 feet bgs in SB-C. Odor and volatiles were first

observed in SB-D in sand at a depth of 26.5 feet bgs.

AMEC Environment & Infrastructure, Inc.
December 23, 2014
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4. Free NAPL and/or NAPL droplets were visible in the soil described as wet in each boring. A

sheen and/or NAPL droplets was observed at shallower locations in the vadose zone at each

location.

ANALYTICAL RESULTS

The soil analysis results for PCP, total petroleum hydrocarbons (TPH) as diesel range organics (DRO)

or residual range organics (RRO), and geochemical and biological parameters are presented in Table

2, and soil metals in Table 3. The laboratory reports are in Attachment B. Analytical results are

summarized below, and explained in detail later in this document.

1. The petroleum hydrocarbon chromatograms appear to represent a heavily degraded product,

missing the alkanes and other low molecular weight constituents typically found in a diesel or

fuel oil.

2. The soils within SB-A were sampled and analyzed at four discrete depth intervals. Diesel and

residual organic component concentrations increased with depth to 30 to 33 feet bgs, then

decreased at 40 to 41 feet bgs. Pentachlorophenol concentrations were highest at 24 to 27

feet bgs.

3. Within SB-C soil at 30 to 33 feet bgs petroleum hydrocarbons are present at low

concentrations, but PCP is present at an elevated concentration.

4. At SB-D, petroleum hydrocarbons are present in soil at an elevated concentration at 30 to 33

feet bgs. Pentachlorophenol was detected at 530,000 micrograms per kilogram (pg/kg) at 30

to 33 feet bgs, the highest level observed during this investigation.

5. Data from the boreholes indicate that the soil is deficient in the levels of the nutrients nitrogen

and phosphorus needed to degrade the total organic carbon present (when compared to a

generic nutrient demand of 100 parts carbon to 10 parts nitrogen to 1 part phosphorus).

6. Petroleum hydrocarbon degrading bacteria are largely absent from the soil examined.

7. Desulfitobacterium species are present at elevated populations in the soils at 24 to 27 feet bgs

at SB-A.

8. The PCP regulator gene expression is high in the soils at SB-A, and at SB-D.

9. The PCP-4-monoxygenase gene expression is elevated at 16 to19 feet bgs in SB-A, and at 30

to 33 feet bgs at SB-D.

The presence of microbial species known to degrade PCP, and of bacterial genes indicating microbial

populations having PCP degradation enzyme pathways, are further discussed below in the section

titled Interpretation of CENSUS Results for Soil and Groundwater.

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61M-125612.01.2
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TASK 2 - GROUNDWATER MONITORING FOR CONSTITUENT FATE ASSESSMENT

Groundwater at five existing Facility wells were sampled for analysis of a variety of chemical,

geochemical, and biological parameters (Table 1 b). The well locations were selected to obtain data

from upgradient of the plume, from within and near the source area, and from downgradient plume

locations to provide information regarding the chemical, geochemical, and biological changes in

groundwater quality along the plume vector. All sample collection and laboratory analysis was

conducted in accordance with the SADMP (Baxter, 2002 - Section B2 and B3) using submersible

pumps and appropriate water quality monitoring equipment. Purge water from the sampling activities

was containerized, and then recycled in the existing remediation system.

Groundwater samples were collected from five locations as follows (Figure 6):

• MW-11 (upgradient well)

▪ MW-12 (source area well)

▪ MW-32 (near-source area well)

• MW-36 (mid-plume well)

• MW-41 (downgradient plume well)

Microbial Insights (Knoxville, Tennessee) provided Bio-Trap® samplers used to collect microbes in

the groundwater at monitoring wells MW-12, MW-36, and MW-41. The Bio-Trap® samplers were

hung from tethers within the groundwater column of each monitoring well on September 19, 2013, and

were retrieved from the wells on December 2, 2013. The Bio-Trap® sampling matrix, Bio-Sep®

beads, are 2 to 4 millimeters (mm) in diameter and are an engineered composite of Nomex® and

powdered activated carbon (PAC). When a Bio-Trap® sampler is deployed in a monitoring well, the

Bio-Sep® beads absorb contaminants and nutrients present in the aquifer essentially becoming an in

situ microcosm with an incredibly large surface area (approximately 600 cubic milligrams per gram

[m21g]) which is readily colonized by subsurface microorganisms. Microbial Insights extracts

deoxyribonucleic acid (DNA) from the beads for CENSUS® assays to evaluate the microbial

community, and data is reported as cells per bead.

The key analytical results and field parameters for the groundwater samples are summarized on

Table 4. Chlorophenol, metals, and dissolved gas results are reported on Table 5.

The groundwater analysis indicates the following:

1. Upgradient conditions (MW-11) are oxic, and the groundwater is deficient in the levels of the

nutrients nitrogen and phosphorus needed to degrade the total organic carbon present (when

AMEC Environment & Infrastructure, Inc.
December 23, 2014
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compared to a generic nutrient demand of 100 parts carbon to 10 parts nitrogen to 1 part

phosphorus).

2. Source area conditions (MW-12) are anoxic, poised at a redox potential that supports iron

reduction to ferrous iron, but not sulfate reduction to sulfide. Tetrachlorophenol and

2,4,5-trichlorophenol are present at relatively low concentrations, likely a sign of dechlorination

occurring in the source area. Bacteria that degrade diesel-range hydrocarbons are not

detected. The genes indicative of the anaerobic bacteria known to reductively degrade PCP

(Dehalococcoides, and Desulfitobacterium spp.) are not detected, which is not surprising given

these bacteria require more strongly anaerobic conditions than occur in the groundwater. The

PCP regulator gene is present, and the two other genes associated with oxidative degradation

of PCP (Maleylacetate Reductase and PCP-4-Monooxygenase) are present, showing that the

site groundwater may be able to support aerobic degradation of PCP.

3. The petroleum hydrocarbon chromatogram for the groundwater sample from MW-12 appears

to represent a heavily degraded product, missing many of the alkanes and other low molecular

weight constituents typically found in a diesel or fuel oil.

4. Just downgradient of the source area (MW-32) conditions appear to be less reducing, as

evidenced by elevated ORP and lack of ferrous iron. Bacteria that degrade diesel-range

hydrocarbons are clearly present, and diesel concentrations in groundwater are clearly

diminished. Chloride is elevated, possibly a sign of PCP degradation.

5. Down plume conditions (MW-36 and MW-41) are increasingly oxidizing (as measured by

ORP). Bacteria that degrade diesel-range hydrocarbons are not present, probably due to the

low levels of diesel available in the groundwater at these locations. Chloride is elevated,

possibly a sign of PCP degradation. The PCP-related aerobic biodegradation genes are

present at elevated levels, and there is a decrease in groundwater PCP concentration

between MW-36 and MW-41, consistent with active aerobic biodegradation of PCP.

Overall, the bacteria with the capability to biodegrade diesel range hydrocarbons are present in the

area just downgradient of the plume, and bacteria with the genetic markers appropriate for aerobic

PCP degradation are more concentrated at downgradient plume locations. The decrease in PCP

concentrations in groundwater between MW-36 and MW-41 provides additional evidence for active

aerobic biodegradation of PCP.

INTERPRETATION OF CENSUS RESULTS FOR SOIL AND GROUNDWATER

The presence of specific microbial genetic material can serve as a marker for potential biological

activity. The CENSUS analysis for this project involved assessing the presence of DNA indicators of

aerobic biodegradation enzyme genes (genes for PCP regulator, PCP-4-monooxygenase and

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61M-125612.01.2
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maleylacetate reductase), and genomes of known anaerobic or anoxic PCP biodegraders

(Dehalococoicides, and Desulfitobacterium spp.). Microbial Insights suggests that 10,000 to 100,000

cells/bead in groundwater, or cells per gram in soil would be a mid-range concentration of cells with

the genetic potential to support PCP biodegradation, and that less than 1,000 cells/ per bead or gram

of soil would be in the lower range of concentration.

INDICATORS OF AEROBIC BIODEGRADATION POTENTIAL

Under aerobic conditions, some bacteria can utilize PCP as a sole source of carbon and energy (Cai

and Xun 2002). Typically, the PCP regulator gene (pcpR) controls the expression of genes encoding

for the enzymes PCP-4-monooxygenase (pcpB) and maleylacetate reductase (pcpE), among others.

Research has shown that genes which encode for the above mentioned enzymes are expressed in

the presence of PCP. These genes are more fully activated under aerobic conditions, but it has been

shown that aerobic oxygenase genes can retain some activity under low oxygen conditions, poised to

respond rapidly to any influx in oxygen.

The initial step in PCP biodegradation under aerobic conditions involves actions mediated by PCP-4-

monooxygenase, followed by a later step involving the maleylacetate reductase gene (Cai and Xun

2002). The literature suggests that the rate-limiting step in aerobic PCP biodegradation occurs when

PCP-4-monooxygenase enzyme oxidizes PCP to form 2,3,5,6-tetrachlorohydroquinone.

The PCP regulator, PCP-4-monooxygenase and maleylacetate reductase genes are detected in each

groundwater sample tested. The highest levels of PCP regulator gene occurred at MW-12 (30,500

cells per bead) in the source area, whereas the highest levels of the PCP-4-monooxygenase and

maleylacetate reductase genes were detected at MW-36, farther downgradient in the more aerobic

area of the plume.

In soil, the PCP regulator gene is present at a higher range (as high as 1.24E07 cells per gram in

vadose zone soil at SB-A: 16-19, and 1.61 E06 cells per gram in saturated soil at SB-D: 30-33) in each

sample tested. The PCP-4-monooxygenase gene is detected in soils SB-A: 16-19 and SB-D: 30-33.

The maleylacetate reductase genes were not detected in soil.

INDICATORS OF ANAEROBIC BIODEGRADATION POTENTIAL

In the soil samples, the Desulfitobacterium are present at levels of up to 6.98E06 in soil at SB-A, but

are not detected in the soil sample from SB-D: 30-33, or in any of the groundwater samples (Tables 2

and 4). The Dehalococoicides were not detected in either the soil or the groundwater samples tested.

Strains of the anaerobes Desulfitobacterium are capable of reductive dechlorination of PCP and other

chlorinated phenols, using the chlorophenols as electron acceptors (Villemur 2013).

AMEC Environment & Infrastructure, Inc.
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Desulfitobacterium strain PCP-1 is known to dechlorinate PCP to 3-chlorophenol but other

Desulfitobacterium species are only capable of ortho-dechlorination (Villemur 2013).

The Desulfitobacterium values decrease with depth in the soil column at SB-A. The samples with the

highest values are in unsaturated soils containing product sheen and droplets (see intervals SB-A:

16-19 and SB-A: 24-27 in boring log in Attachment A). The sample collected at SB-A: 30-33 was from

below the water table, and free product is visible, but the bacterial values are lower here.

Groundwater at nearby monitoring well MW-12 is only slightly anaerobic (sulfate is present, see Table

4), suggesting that conditions within the groundwater are not optimally anaerobic for the

Desulfitobacterium growth. However, the groundwater at MW-12 does contain low levels of

tetrachlorophenols and 2,4,5-trichlorophenol, suggesting that some reductive dechlorination of PCP

may be occurring (Table 5).

TASK 3 - BENCH STUDY FOR IN SITU CHEMICAL OXIDATION

As discussed in the CMS (AMEC, 2013), Chemical Oxidation and Enhanced Biodegradation

Recirculation was selected as a component of the preferred alternative, subject to additional

characterization and pilot testing. The oxidants persulfate and permanganate were assessed in a

bench study of site soil and groundwater completed by Ursus Remediation Testing & Technologies,

LLC (Ursus) of Mt. Horeb, Wisconsin. The bench study assessed the total oxidant demand (TOD), the

effectiveness of site soil and groundwater treatment with persulfate and permanganate, and dosing

guidance for in situ applications. The details of the bench testing program are presented in the Ursus

report (2014) (see Attachment C).

Six soil samples were collected during Task 1, and were then submitted to Ursus (Table 6). Soil

samples were collected in wide mouth glass soil jars with no headspace. Approximately 5 liters of

groundwater was collected from monitoring well MW-12 in wide mouth glass bottles with no

headspace. All samples were placed in coolers with ice, and handled under chain of custody in

accordance with the SADMP (Section B3).

TOTAL OXIDANT DEMAND TESTING

Each of the six soil samples underwent TOD testing. Groundwater from monitoring well MW-12 was

used in the making of test slurries with each of the soil samples. The TOD testing entailed addition of

either alkaline activated sodium persulfate, or sodium permanganate to the soil slurry at three

dosages. Then, residual oxidant measurements were made on the slurries approximately 45 and 96

hours post treatment. Subtraction of the residual oxidant concentration from the known starting

oxidant concentration yields TOD. TOD results show that SB-A: 10-11 and SB-C: 20-21 had the

greatest persulfate TOD (greater than 10.0 g/kg) while the other samples showed lesser TOD -

ranging from 0.9 to 4.5 glkg at 96 hours. Each of the samples had a permanganate TOD greater than

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61 M-125612.01.2
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10 glkg at 96 hours. TOD testing showed all of the permanganate was utilized within 96 hours.

Persulfate testing showed either all persulfate was utilized or an increasing demand from 48 to 96

hours. Both cases suggest the oxidant demand was not met for all samples.

The TOD testing suggested that oxidant demand was higher than initial estimates. Therefore, to better

estimate the oxidant demand, a persulfate stoichiometric calculation was performed prior to the

effectiveness testing using the diesel-range organic (DRO), residual-range organic (RRO), and PCP

concentrations known for the soil samples. An initial assumption was made that the DRO, RRO, and

PCP would be equally susceptible to oxidation, and that achieving 50% degradation of PCP would be

adequate to affirm oxidant feasibility. On this basis, the stoichiometric demand was initially estimated

at 350 grams of sodium persulfate per kilogram of soil SB-A: 24-27, and 92 g of sodium persulfate per

kilogram of soil SB-D: 30-33.

EFFECTIVENESS TESTING - 1ST ROUND FROM NOVEMBER 18, 2013 TO FEBRUARY 28, 2014

Following TOD analysis, two soil samples, SB-A: 24-27 (representing highly PCP-affected

unsaturated soil) and SB-D: 30-33 (representing highly PCP-affected saturated soil) were selected for

effectiveness testing. Information from TOD testing, and estimates of the expected oxidant demand

due to the diesel mass present were used to set the dosage levels for effectiveness testing.

Soil/groundwater slurry samples were treated under four conditions:

1. base activated sodium persulfate

2. iron activated sodium persulfate

3. hydrogen peroxide activated sodium persulfate

4. sodium permanganate

Multiple oxidant applications were applied over a 78 day period to meet the estimated stoichiometric

oxidant demand. The testing design is discussed in detail in Ursus 2014. Summaries of the date are

presented in Tables 7 and 8.

Control and treated samples were allowed to react for 102 days. Ursus measured secondary

parameters in the liquid phase of treatment samples, including residual persulfate or permanganate,

and pH, at days 22, 49, 78 and 102. Selected metals (arsenic, chromium, copper, lead) were

measured in the liquid phase of treatment samples on days 49 and 102. Reactor sets underwent total

extraction on day 49 and on day 102, and the total mass of PCP and DRO present in soil and water

was analyzed from the extract.
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Results of 1st Round of Effectiveness Testing
Reduction of PCP concentrations in treated samples in comparison to controls was observed under all

chemistry conditions by day 49 during Round 1 testing. Significant lowering of PCP concentration (in

excess of 90%) was observed with all activated persulfate chemistries and with permanganate in the

sample SB-A: 24-27. Alkaline persulfate doses of 46 mg/kg and 92 mg/kg were present in sample SB-

A: 24-27. In sample SB-D: 30-33, alkaline persulfate doses of 87.5 mg/kg and 175 mg/kg removed

approximately 97% of the PCP, with other treatment chemistries removing between 21% and 75% of

the PCP.

No significant reduction in DRO concentration was observed in the treated samples. Residual oxidant

remained at elevated levels in the treated samples.

Treatment by alkaline persulfate did appear to make the metals arsenic and total chromium more

available to extraction, whereas, copper and lead availability remained largely unchanged. Under the

other test conditions, chromium and copper availability increased, whereas arsenic and lead

availability remained largely unchanged.

Thus, the major conclusions of Round 1 of effectiveness testing are:

1. The PCP is more susceptible to oxidation than the DRO.

2. High rates of PCP removal are more readily achieved with alkaline persulfate treatment than

with other treatment chemistries.

3. Residual oxidant remained at elevated levels in the treated samples, indicating that an excess

of oxidant was used, and that lower oxidant doses could be used, thus improving treatment

cost effectiveness.

Round 1 testing showed alkaline activated persulfate to be more effective in reducing PCP

concentrations than peroxide activated persulfate, iron activated persulfate, or permanganate. Round

1 testing found alkaline activated persulfate significantly reduced PCP concentrations within 49 days,

using a persulfate dose as low as 46 g/kg.

As discussed earlier, a main assumption had been that DRO, RRO, and PCP would be equally

susceptible to oxidation, thus leading to a high estimated stoichiometric oxidant demand. Round 1 of

effectiveness testing showed that PCP under alkaline conditions is more susceptible to oxidation than

the DRO, and that much lower oxidant doses than those initially tested in Round I would likely bring

about a 50% reduction in PCP concentration. Thus a second round of effectiveness testing was

proposed using lower doses of alkaline persulfate.
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EFFECTIVENESS TESTING - 2N° ROUND FROM JUNE 26 TO AUGUST 14, 2014

The goals of Round 2 testing were:

1. To establish whether doses of alkaline persulfate lower than 46 g/kg would remove significant

amounts of PCP.

2. To establish whether less waste of persulfate would occur, as evidenced by lower residual

oxidant values.

Round 2 testing was conducted with alkaline activated persulfate at doses of 8 glkg, 16 glkg, and

23 glkg, which were allowed to react for 49 days in samples SB-A: 24-27 and SB-D: 30-33. During

Round 2, the PCP concentration was lowered between 42% and 57% in treated samples of SB-A:

24-27. The persulfate doses of 8 glkg, 16 glkg, and 23 g/kg performed to nearly equal extents at

removing PCP from sample SB-A: 24-27. The PCP concentration was lowered between 0% and 69%

in treated samples of SB-D: 30-33. The persulfate dose of 23 g/kg removed between 55% and 69% of

the PCP from sample SB-A: 24-27. Only low reductions in DRO concentrations was observed in either

SB-A: 24-27 or SB-D: 30-33 at the dosages tested in Round 2. Summaries of the date are presented

in Tables 7 and 8, and on Figure 7.

Round 2 testing found alkaline activated persulfate significantly reduced PCP concentrations within 49

days at a dose of 23 glkg in both samples SB-A: 24-27 and SB-D: 30-33, and at doses lower than 23

g/kg in sample SB-A: 24-27 (Figure 7). Little or no residual oxidant remained at the end of the Round

2 tests, indicating efficient usage of the persulfate (Figure 7).

The bench effectiveness testing establishes that significant removal of PCP can occur at a

concentration of alkaline activated persulfate of 23 glkg, or lower in some cases. Less wasted, unused

persulfate remains at the end of 49 days when using the 23 glkg dose than when using higher

persulfate doses. A persulfate concentration of 23 glkg should be used in designing, and estimating

costs for a pilot study.

DEVIATIONS FROM THE WORK PLAN

The following deviations from the ISCO bench test portion of the Revised Source Area Investigation

and Chemical Oxidation Pilot Test Work Plan (AMEC 2013b) are noted:

Page 7 of the work plan suggested that the water fraction would be separated from the soil
fraction and the respective fractions will be analyzed. During the bench study, the soil and

groundwater slurry underwent total extraction, and the total PCP and TPH-D in the reactors

was measured.

December 23, 2014
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Page 7 of the work plan suggested that soil and groundwater samples andlor data would be

provided to vendors for independent assessment (i.e., Regenesis, FMCIAdventus) (see page

7 of the work plan). The soil and groundwater samples andlor data have not yet been shared

with vendors.

CONCLUSIONS

AMEC advanced exploratory soil borings in the source area; collected soil and groundwater samples

for chemical, geochemical, and biological evaluation; and designed and implemented bench

treatability studies to assess the feasibility of soil and groundwater treatment by in situ chemical

oxidation.

The exploratory soil borings indicate elevated levels of PCP, and the widespread presence of

highly weathered petroleum hydrocarbons.

The soil contains microorganisms that appear to be suitable for biodegradation of PCP,
petroleum hydrocarbon degrading bacteria are largely absent, and nutrient levels do not
appear adequate to support petroleum hydrocarbon biodegradation.

The groundwater in the source area is anoxic, but not strongly anaerobic. Bacteria that
degrade diesel-range hydrocarbons, and genes indicative of the anaerobic bacteria known to
reductively degrade PCP (Dehalococcoides, and Desulfitobacterium spp.) are not detected,

although low levels of PCP reductive dechlorination products are detected. The genes

indicative of aerobic PCP-degrading microorganisms are present.

The groundwater at mid plume location MW-32 is more aerobic, and contains petroleum
hydrocarbon degrading bacteria. The groundwater at down plume locations MW-36 and

MW-41 is relatively aerobic, the PCP-related aerobic biodegradation genes are present, and
there is a decrease in PCP concentrations in groundwater between MW-36 and MW-41. Thus,

use of enhanced natural attenuation of PCP represents a possible effective remedial

alternative.

The bench testing demonstrates that alkaline persulfate is a more effective oxidant system for

PCP removal from soil and groundwater in the source area. The bench testing results also

indicate that PCP is oxidized preferentially over the petroleum hydrocarbons under the alkaline

conditions tested.

The bench effectiveness testing establishes that significant removal of PCP can occur at an

alkaline activated persulfate concentration of 23 glkg, or lower in some cases. Thus, a

persulfate concentration of 23 glkg should be used in designing, and estimating costs for, a

pilot study.
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LIMITATIONS

This report was prepared exclusively for J.H. Baxter & Co. by AMEC Environment & Infrastructure,

Inc. The quality of information, conclusions, and estimates contained herein is consistent with the

level of effort involved in AMEC services and based on: i) information available at the time of

preparation, ii) data supplied by outside sources, and iii) the assumptions, conditions, and

qualifications set forth in this report. This Source Investigation and Chemical Oxidation Bench Study

Results is intended to be used by J.H. Baxter & Co. for Arlington, Washington Facility only, subject to

the terms and conditions of its contract with AMEC. Any other use of, or reliance on, this report by any

third party is at that party's sole risk.

If you have any additional questions or comments, please do not hesitate to contact Steve Barnett at

(503) 639-3400.

AMEC Environment & Infrastructure, Inc.

	

Reviewed By:

Jack Spadaro, PhD, CHMM

	

J. Stephen Barnett, LG

Associate Scientist

	

Senior Associate

AMEC Environment & Infrastructure, Inc.
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Attachments: Table la - Soil Sample Laboratory Method Summary
Table lb - Groundwater Sample Laboratory Method Summary
Table 2 - Soil Chemical, Geochemical, and Biological Data Summary
Table 3 - Soil Metals Results
Table 4 - Groundwater Chemical, Geochemical, and Biological Data Summary
Table 5 - Groundwater Chlorophenol, Metals, and Dissolved Gas Data
Table 6 - Soil Samples Submitted for Oxidant Bench Testing
Table 7 - Summary of Bench Oxidation Effectiveness Testing at Day 49
Table 8 - Summary of All Bench Oxidation Effectiveness Testing Data

Figure 1 - Site Vicinity Map
Figure 2 - Site Plan and Groundwater Monitoring Network
Figure 3 - Areas of Concern
Figure 4 - Borehole Soil Sampling Locations and Results - September 2013
Figure 5 - Soil Sampling Guide
Figure 6 - Summary of Groundwater PCP, DRO and Biological Monitoring Results

September I December 2013
Figure 7 - Pentachlorophenol Oxidized and Persulfate Residual at Day 49

Attachment A - Boring Logs
Attachment B - Soil and Groundwater Laboratory Analytical Reports
Attachment C - Ursus Bench Treatability Study Report

SBllp

c:
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TABLES 1a AND lb
Soil and Groundwater Sample Laboratory Method Summary

Former J.H. Baxter Co. Wood Treating Facility
Arlington, Washington

Table 1a
Soil Sample Laboratory Method Summary

Method 8151M
NWTPH-

DX 353.2 9056 6010B 2320B
ASTM
D4129

4500NH3E 365.3 9045 160.3
ASTM
D422

HDB CENSUS Ursus Bench Ursus Bench

Station
ID

Sample
ID

Sample
Date

Sample
Type

Matrix
Penta-
chloro•
phenol

Diesel and
Residual

Oil

Nitrate/
Nitrite

Sulfate/

Chloride
Metals

Total
Alkalinity

Total
Organic
Carbon

Ammonia
as

Nitrogen

Ortho•
phosphate

pH

Total
Solids,
Percent
Solids

Grain Size

.

Hydro•
carbon

Degrading

... Bacteria

DNA! RNA
Total Oxidant

Demand

ISCO
Effectiveness

Test

SB-A SB-A,10-11 9/21/2013 N SO
r..

X
SB-A SB-A:16-19 9/2112013 N SO X X X X X X X X X X X X X X X

SB-A SB-A:24-27 9/2112013 N SO X X X X X X X X X X X X

	

_ X X X X

SB-A SB-A:30-33 9/21/2013 N SO X X X X X X X X X X X X X X X

SB-A SB-A:40-41 9/2112013 N SO X X X X X X X X X X X X X

SB-A 5B E:30.33 9/2112013 ED
_

SO X X X
SB-C SB-C:20-21 9/21/2013 N SO X
SB-C SB-C:30-33 9/21/2013 N SO X X X X X X X X X X X X X
SB-D SB-D:30-33 9/21/2013 N SO X X X X X X X X X X X X X X X X

Table lb
Groundwater Sample Laboratory Method Summary

Method 8151M
NWTPH

DX 300 60106 9030 RSK 175 2320B 415.1 4500NH3E 4500PE
FIELD

PARAM
HDB CENSUS Ursus Bench Ursus Bench

Location
Sample

ID
Sample

Date
Sample
Type

Matrix
Chlorinated

Phenols

Diesel and
Residual

Oil

Nitrate/
Nitrite/
Sulfate

Metals
Total

Sulfide

Methane/
Ethane/
Ethane

Total
Alkalinity

Total
Organic
Carbon

Ammonia
as

Nitrogen

Ortho-
phosphate

Field

Hydro-
carbon

Degrading
Bacteria

DNA I RNA
Total

Oxidant
Demand

ISCO
Effectiveness

Test

MW-11 MW-11 20130919 911912013 N GW X X X X X X X X X X X X
MW-12 MW-12 20130921 912112013 N GW X X X X X X X X X X X X X _

	

X

MW-32 MW-32 20130919 9/1912013 N GW X X X X X X X X X X X X
MW-32 MW-44 20130919 9/19/2013 FD GW X X X X X X X X X X X

MW-36 MW-36 20130919 9/19/2013 N GW X X X X X X X X X X X X

MW-41
_

MW-41 2 0130919 911912013 N GW X X X X X X X X X X X X

MW-45
._ _

MW-45 20130919 9/1912013 EB GW X X X X X X X X X X X
MW-12 MW-12-BT 12/212013 N BT X _
MW-36 MW-36-BT 1 21212 0 1 3 N BT

_
X

MW-41 MW-41-BT 12/2/2013 N BT X

Notes:
BT = Biotrap placed within groundwater well
ES = Equipment blank
FD = Field duplicate
GW = Groundwater
ISCO = in situ chemical oxidation
N = Normal samples
SO = Soil

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 2

Soil Chemical, Geochemical, and Biological Data Summary

Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington

d

O.
V

e

v

m

d
oo

z

co

`^°

a
u)

E

m
N
co

'

a)
c

ca

w
o

c
a)
a

Station Sample Sample Depth c 0 ct) N 2
ID ID Date (ft bgs) r o

c m
G7 d

a

.17

m m
Lo 0

J
r

z

v

t
o = E +' * 0 E N o.

e
o 10

oO z se y o u C1 O
w m Q E

o
o w °` 0 o a N

-a +' a) >A q

m m cci o o

o .a u)
m

a)
la U U o

E
E t

co

0
a z z z u) U x o D a 0 a e-

pglkg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg MPN/g cells/g cellslg cells/g cells/g cells/g percent mg/kg mg/kg

pH

units percent

SB-A SB-A:16-19 9/21/2013 16-19 1,100 3,000 170 0.52 U 0.17 J 0.12 J 229 17,100 3.7 U 83.0 3.7 U 9.4 U 1,000 U 6,980,000 2,000 U 12,400,000 640,000 0.274 1.41 0.34 7.17 95.7

SB-A SB-A:24-27 9/21/2013 24-27 110,000 13,000 660 0.10 J 0.18 J 0.08 J 255 21,100 1.3 J 80.1 1.8 J 9.6 U 1,000 U 3,640,000 2,000 U 144,000 2000 U 0.533 0.56 0.20 7.09 94.1

SB-A SB-A 3033 9/21/2013 30-33 15,000 22,000 1,200 J 0.27 J 0.33 J 0.06 J 241 21,300 2.4 J 626 1.3 J 10 U 1,000 U 250 2,000 U 327,000 2000 U 0.946 2.01 0.19 6.94 87.7

SB-A SB-A:40-41 912112013 40-41 1,600 7.5 J 10 J 0.12 J 0.15 J 0.03 J 305 22,600 2.3 J 530 1.4 J 12 NT NT
_

NT NT NT 0.099 C64 0.69 7.06 77.7

SB-C SB-C:30-33 9/2112013 30-33 3,000 220 38 J 0.11 J 0.11 J 0.29 U 325 21,200 5.6 601 9.5 10 U NT NT NT NT NT 0.162 1.02 0.91 7.24 87.2

SB-D SB-D:30-33 9/21/2013 30-33 530,000 20,000 1,500 0.10 J 0.14J 0.04 J 264 20,100 -3.7 J 201 5.3 U 12 U 1,000 U_ 2,000 U 2,000 U 1,610,000 78,400 0.982 0.40 0.15 6.87 73.1

Notes:

BOLD = detection

Results not validated

cells/g = cells per gram

NT = not tested

mg/kg = milligrams per kilogram

MPN/g = most probable number of cells per gram

pH units = standard unit

pg/kg = micrograms per kilogram

Data reported to reporting detection limit

U = not detected at or above the stated level

J = estimated result

J. H. Baxter Co

Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 3
Soil Metals Results

Former J.H. Baxter Co. Wood Treating Facility
Arlington, Washington

Station
ID

Sample
ID

Sample
Date

Depth
(ft bgs)

E

E

a

E
v

o

E

rn °1c

mg/kg mglkg mg/kg Mg/kg mg/kg
SB-A SB-A:16-19 9121/2013 16-19 10,900 3,130 17,100 7,690 229
SB-A SB-A:24-27 9121/2013 24-27 12,600 3,120 21,100 10,600 255
SB-A SB-A:30-33 9121/2013 30-33 13,900 2,620 21,300 9,220 241
SB-A SB-A:40-41 9121/2013 40-41 14,900 3,180 22,600 9,200 305
SB-C SB-C:30-33 9/2112013 30-33 13,000 2,960 21,200 8,480 325
SB-D SB-D:30-33 912112013 30-33 13,000 2,420 20,100 8,810 264

Notes:
BOLD = detection
Results not validated
ft bgs = feet below ground surface
mg/kg = milligrams per kilogram
Data reported to reporting detection limit
U = not detected at or above the stated level
J = estimated result

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 4

Groundwater Chemical, Geochemical, and Biological Data Summary

Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington
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pg/L pg/L pg/L mV mg/L mg/L mg/L pg/L pg/L mg/L mg/L mg/L pg/L mg/L mg/L

MPNI

100mL

cells/

bead

cells!

bead

cells/

bead

cells!

bead

cells/

bead mglL mg/L mg/L deg C

pH

units ms/cm

MW-11 MW-11_20130919 9/19/2013 N 0.50 U 260 U 520 U 255.7 3.15 0.21 0.10 U 5.3 136 0.0 U 4.35 0.10 U 1.3 73.7 2.64 900 U NT NT NT NT NT 1.12 0.035 J 0A50 U 12.8 6.32 0.155

MW-12 MW-12_20130921 9/21/2013 N 360 82,000 4,100 -33.0 0.71 0.10 U 0.10 U 1,720 2,920 3.0 7.35 0.10 U 28 89.4 2.97 900 U 25 U 250 U 30,500 1,870 795 3.46 0.152 0.050 U 12.8 5.66 0.200

MW-32 MW-32_20130919 9/19/2013 N 640 390 37 J 200.4 0.35 0.36 0.03 J 25.0 913 0.0 U 8.53 0.10 U 1.3 56.2 6.54 13,500 NT NT NT NT NT 1.41 0.044 J 0.050 U 11.6 5.87 0.147

MW-32 MW-44_20130919 9/19/2013 _

	

FD 730 390 33 J NT NT 0.37 0.03 J 9.0 235 NT 8.60 0.10 U 1.3 56.3 6.62 3,900 NT NT NT NT NT 1.35 0.037 J 0.050 U NT NT NT

MW-36 MW-36_20130919 9119!2013 N 1,300 79 J 520 U 212.9 0.24 0.12 0.10 U 626 20.0 U NT 12.1 0.10 U 1.3 143 8.12 900 U 25 U 250 U 16,400 7,710 6,440 2.38 0.013 J 0.050 U 12.0 6.23 0.314

MW-41 MW-41_201 30919 911912013 N 370 200 J 28 J 245.0 0.18 0.14 0.10 U 68.9 20.0 U 0.0 U 14.2 0.10 U 15 65.2 7.01 900 U 25 U 250 U 14,600 3,070 1,890 1.53 0.036 J 0.050 U 11.6 5.78 0.173

MW-45 MW-45_20130919 9!1912013 EB 0.93 260 U 520 U NT NT 0.10 U 0.10 U 0.10 J 20.0 U NT 0.20 U 0.10 U 1.3 3.2 0.40 U 2,000 NT NT NT NT NT 0.50 U 0.100 0.050 U NT NT NT

Notes:

BOLD = detection

Results not validated

Data reported to reporting detection limit

cells/bead = cells per bead

deg C = celsius

EB = equipment blank

FD = field duplicate

mg/L = milligrams per liter

MPNll00 mL = Most probable number of cells per 100 mL of solution

ens/cm = milli-Siemens per centimeter

N = Normal sample

NT = Not tested

pg/L = micrograms per liter

U = not detected at or above the stated level

J = estimated result

J

J
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TABLE 5

Groundwater Chlorophenol, Metals, and Dissolved Gas Data

Former J.N. Baxter Co. Wood Treating Facility

Arlington, Washington

0
0 0N C C

0

Well
Sample

ID
Sample

Date
r
to. s

o.
o
0

o
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0
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N
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d
c

a

m
C
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C
t

c
16

m
N N M ^^ Q U 2 w W

pg/L pg/L pglL pg/L ugh_ pglL pg/L pglL pglL pglL pglL pgIL 41_ pg/L

MW-11 MW-11_20130919 9/1912013 0.50 U 1.0 U 1.0 U 0.50 U 2.0 U 2.0 U 86.7 13,600 136 7,080 5.3 0.60 1.0 1.3

MW-12 MW-12_201 30921 9/21/2013 360 12 0.34 J 0.50 U 2.0 U 2.0 U 30.9 20,900 2,920 6,330 1,720 0.60 1.0 28

MW-32 MW-32_2013091 9 9119/2013 640 38 U 1.0 U 0.50 U 2.0 U 2.0 U 579 11,000 913 7,650 25.0 0.60 1.0 1.3

MW-32 MW-4420130919 9119/2013 730 1.5 U 1.0 U 0.50 U 2.0 U 2.0 U 158 11,300 235 7,620 9.0 0.60 1.0 '1.3

MW-36 MW-36_20130919 911912013 1300 1.0

	

U 1.0 U 0.50 U 2.0 U 2.0 U 10.0 U 26,700 20.0 U 19,000 626 0.60 1.0 1.3

MW-41 MW-41_20130919 911912013 370 9.7 U 1.0 U 0.50 U 2.0 U 2.0 U 10.0 U 13,100 20.0 U 9,380 68.9 0.60 1.0 15

	

_

MW-45 MW-45_20130919 9119/2013 0.93 1.0

	

U 1.0 U 0.50 U 2.0 U 2.0 U 10.0 U 82.3 ,

	

20.0 U 2.2 J 0.10 J 0.60 1.0 1.3

Notes:
BOLD = detection
Results not validated
pg/L = micrograms per liter
Data reported to reporting detection limit
U = not detected at or above the stated level
J = estimated result

1
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TABLE 6
Soil Samples Submitted for Oxidant Bench Testing

Former J,H. Baxter Wood Treating Facility,
Arlington, Washington

Sample
ID

Sample
Type

Zone at
Time of
Drilling

Diesel Range
Organics
(mg/kg)

Residual

Range
Organics
(mg/kg)

Penta-
chlorophenol

(pglkg)

SB-A: 10-11 Woody Debris wl Sand Vadose NA NA NA

SB-A: 16-19 Sand wl Gravel Vadose 3,000 170 1,100

SB-C: 20-21 Sand wl Gravel Vadose _ NA NA NA

SB-A: 24-27 Sand wl Gravel Vadose 13,000 660 110,000

SB-A: 30-33 Sand wl Silt & Gravel Saturated 22,000 1,200 J 15,000
SB-D: 30-33 Sand wl Silt Saturated 20,000 1,500 530,000

Notes:
BOLD = detection

Results not validated
NA = not applicable
mg/kg = milligrams per kilogram
pglkg = micrograms per kilogram
Data reported to reporting detection limit
U = not detected at or above the stated level
J = estimated result

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 7

Summary of Bench Oxidation Effectiveness Testing at Day 49
Former J.H. Baxter and Co. Wood Treating Facility

Arlington, Washington

Sample SB-A: 24-27 Persulfate Concentration
Diesel
(glkg)

Fraction
Decrease in

Diesel

PCP
(mglkg)

Fraction
PCP

Decrease

Average Fraction
PCP Decrease

Persulfate
Remaining

(glkg)

2nd Round:
26Jun2014 through

14Aug2014

2nd Rd CONTROL (0 glkg) 10,000 - 19 - - -
2nd Rd CONTROL Dup (0 glkg) NT - 9.9 - -
8 glkg 9,800 0.02 7.4 0.49 0.48 1.2
8 glkg Duplicate NT - 7.5 0.48 - -
16 glkg 8,900

NT
0.11

-
6.2
8.2

0.57
0.43

0.50 2.2
-16 g/kg Duplicate

23 glkg 11,000 -0.10 8.4 0.42 0.44 3.2
23 glkg Duplicate NT - 7.7 0.47 - -

1 st Round:
18Nov2013 through

28Feb2014

1st Rd CONTROL (0 glkg) 7,200 - 45 - -
87.5 g/kg 9,200 -0.28 3.6 0.98 0.98 29.9
175 glkg 11,000 -0.53 2.2 0.99 0.99 38.1

Sample SB-D: 30-33 Persulfate Concentration
Diesel
(glkg)

Fraction
Decrease in

Diesel
PCP

(mg/kg)

Fraction
PCP

Decrease
Average Fraction

PCP Decrease

Persulfate
Remaining

(glkg)

2nd Round:
26Jun2014 through

14Aug2014

2nd Rd CONTROL (0 glkg) 12,000 - 18 - - -
2nd Rd CONTROL Dup (0 glkg) NT 22 - - -
8 glkg 14,000 -0.17 26 70.30 -0.30 ND
8 glkg Duplicate NT - 26 -0.30 -
16 glkg 14,000 -0.17 20 0.00 0.35 1
16 glkg Duplicate NT - 6.2 0.69 - -
23 glkg 15,000 -0.25 9 0.55 0.62 2.2
23 glkgyuplicate NT - 6.3 0.69 - -_

1st Round:
18Nov2013 through

28Feb2014

1st Rd CONTROL (0 glkg) 12,000 - 190 - - -_
46 glkg 11,000 0.08 5.8 0.97 0.97 6.8
92 glkg 8,000 0.00 4.8 0.97 0.97 36.1

Notes:
All data shown is from Day 49 of the experiment
glkg = grams persulfate per kilogram of soil
mg/kg = milligrams per kilogram
NT = not tested
PCP = Pentachlorophenol
- = not applicable
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TABLE 8

Summary of All Bench Oxidation Effectiveness Testing Data

Former J.H. Baxter and Co. Wood Treating Facility
Arlington, Washington

Day 22 Day 49

Sample ID Persulfate
Dosage

glkg
pH,
s.u.

TOD
glkg

Residual
Oxidant

glkg

Persulfate
Dosage

glkg
pH
s.u,

TOD
glkg

Residual
Oxidant

glkg
As

mg/I_

Cr
(total)
mg/I

Cu
mg/I_

Pb
mg/I

DRO
mg/kg

DRO
%

Reduction
PCP

mg/kg

PCP
°!°

Reduction

Round 2

	

through 14Aug2014)(26Jun2014
:^

	

I

	

.

	

.
-_-®

11 ® NT 11I

,

_

I+ I

	

I N T
:I

	

I :I I NT 111 17% I'
'

	

I

	

•

•

NT . I'.

• 11 NT III 17°!° 1 1

.I

	

I NT
,1: NT 111 -25% .

® ,NT 1111 •

NT '

	

'
I

:

	

I

	

II

NT '

	

:I I 2% "'
NT -

' : NT '11 11%
• .1 NT

' •

	

: NT III 10%
23.0 (Dup) NT NT NT

-ound 1(18Nov2013 through 28Feb2014) ME_

	

1111 1 _t

	

I-' 1 ^I

	

• .

SB-D-30-33 - Control NT NT NT NT <0.050 <0.050 1

	

I 12,000 -
SB-D-30-33 - Alk Pecs 3.1 46.0 39.2 6.8 0.92 0.060 I

	

I 11,000 8%
• 10.4 92.0 55.9 36.1 1.94 0.073 1

	

1 12,000 0%
SB-D-30-33 - H2021Pers I

.I

I 3.9 46.0 37.9 8.1 0.36 1.44 I

	

1 11,000 8%
I 26.7 19.3 92.0 2.18 50.7 41.3 1.07 2.92 I

	

I 8,600 28%
SB-D-30-33 - Fe Pers . • 19.2 3.8 46.0 2.40 38.1 7.9 I

	

I 0.34 1.60 <0.30 13,000 -8% 80 :' .
• 2.42 19.6 92.0 51.7 40.3 I

	

I 0.66 _ 2.52 0.31 8,000 33% 48 75%
SB-D-30-33 - Na Perm I NT 16.4 23.0 11.5 11.5 I 3.50 1.14 <3.0 15,000 -25% 58 69%
SB-A-24-27 - Control NT NT NT NT NT I

	

I <0.050 0.10 <0.30 7,200 45 -
SB-A-24-27 - Alk Pers 11.59 7.1 87.5 .' 57.6 29.9 2.96 0.061 <0.30 9,200 -28% 3.6 98%

11.16 9.8 175 137 38.1 3.12 0.064 0.31 11,000 -53% 2.2 99%
SB-A-24-27 - H202 Pers 3.45 16.3 87.5 49.8 37.7 1.32 3.03 0.033 7,600 -6% 14 93%

2.68 68.0 19.5 175 135 40.0 <0.30 2.21 3.81 0.45 6,200 14% 12 94%
SB-A-24-27 - Fe Pers 2.72 27.5 16.2 87.5 48.0 39.5 <0.30 1.31 2.89 <0.30 6,100 15% 11 94%

87.5 2.56
22.
68.4 19.1 175 1.94 134 41.1 <0.30 1.29 2.94 <0.30 6,100 15% 13 93%

SB-A-24-27 - Na Perm 43.8 NT 31.3 12.5 43.8 NT 41.3 2.5 <3.0 13.2 1.08 <3.0 7,200 0% 4.8 97%

I-

L

L.^

L
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TABLE 8
Summary of All Bench Oxidation Effectiveness Testing Data

Former J.H. Baxter and Co. Wood Treating Facility
Arlington, Washington

Day 78 Day 102

Sample ID Persulfate Residual Persulfate Residual Cr DRO PCP

Dosage pH TOD Oxidant Dosage pH TOD Oxidant As (total) Cu Pb DRO % PCP °/a

glkg s.u. glkg glkg glkg s.u. glkg glkg mg& mglL mg1L mg& mg/kg Reduction mglkg Reduction

2 (26Jun2014 through 14 .
SB-D-30-33 - Control NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-D-30-33 - Alk Pers NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT _

	

NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT
_

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-A-24-27 - Control NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT_
NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-A-24-27 - Alk Pers NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT
_

NT NT NT NT
-

NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT
_

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT _ NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

d 1 (18Nov2013 through 28 MM. _
SB-D-30-33 - Control NT 6.30 NT NT NT NT NT NT <0.30 <0.050 <0.050 <0.30 13,000 - 130

SB-D-30-33 - Alk Pers 46.0 10.64 38.7
_

7.3 69.0 12.87 58.5 10.5 0.80 0.90 <0.050 <0.30 9,700 25% 4.6 96%

92.0 12.90 52.7 39.3 115.0 13.13 59.5 55.5 0.90 1.17 <0.05 <0.30 13,000 0% <3.8 >97%

SB-D-30-33-H2021Pers 46.0 2.47 37.4 8.6 69.0 2.43 56.6 12.4 <0.30 1.04 2.21 <0.30 11,000 15% 51 61%

92.0 2.38 47.9 44.1 115.0 2.33 52.3 62.7 <0.30 _

	

1.64 2.87 0.41 5,200 _ 60% 27 79%

SB-D-30-33 - Fe Pers 46.0 2.42 37.4 8.6 69.0 2.35 56.8 12.2 <0.30 0.81 2.10 <0.30 8,200 37% 63 52%

92.0 2.29 47.5 44.5 115.0 2.27 52.7 62.3 <0.30 1.26 2.61 <0.30 5,000 62% 30 77%

SB-D-30-33 - Na Perm 23.0 8.96 >23.0 0.0 69.0 8.89 39.1 29.9 0.33 2.23 <0.050 0.93 6,400 51% 31 76%

SB-A-24-27 - Control NT 5.71 NT NT NT NT NT NT <0.30 <0.050 0.10 <0.30 3,400 - 31 -

SB-A-24-27 - Alk Pers 131.3 12.96 78.8 52.5 175 13.12 110 64.9 1.01 2.17 <0.050 <0.30 3,400 0% <3.8 >88%

262.5 12.97 205.3 57.2 350 13.05 278 72.3 1.50 3.00 <0.050 <0.30 4,700 -38% <4.7 >85%

SB-A-24-27 - H202 Pers 131.3 2.62 64.2 67.1 175 2.10 92.5 82.5 0.32 2.53 4.00 0.51 2,700 21%

	

_ 7.3 100%

262.5 2.29 195.7 66.8 350 1.82 269 80.8 0.74 4.94 6.80 0.69 3,100 9% 7.4 100%

SB-A-24-27 - Fe Pers 131.3 2.43 65.1 66.2 175 2.05 92.0 83.0 0.37 2.29 3.81 0.47 2,600 24% 8.6 100%

262.5 2.30
_

196.3 66.2 350 1.74 266 83.7 0.79 4.07 5.91 0.53 2,800 18% 11 100%

SB-A-24-27 - Na Perm 43.8 8.81 >43.8 0.0 87.6 8.77 29.6 58.0 0.65 4.14 <0.050 1.73 2,800 18% <3.3 >89%

Notes
Alk Pers = Persulfate with alkaline activator
DRO = Diesel Range Organics
Fe Pers = Persulfate with iron activator
glkg = grams per kilogram
H202 Pers = Persulfate with hydrogen peroxide activator
mg/kg = milligrams per kilogram
mglL = milligrams per liter
Na Perm = Sodium permanganate
NT = not tested
PCP = Pentachlorophenol
s.u. = standard pH units
- = not applicable

0

r
r
r
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FIGURE 5
SOIL SAMPLING GUIDE

Obtain soil core starting at surface

Log soil in accordance with SADMP

Conduct field screening on soil (dry/wet,
visible product, PID headspace,

hydrocarbon sheen test)

Identify vadose soil type(s) affected by COCs

Collect soil sample from vadose zone soil affected by COCs

Identify saturated soil type(s) affected by COCs

Collect soil sample from saturated zone affected by COCs

Is there a
second saturated

soil type affected by
COCs?

Yes
V

Collect soil sample from vadose
zone soil affected by COCs

Yes
V

Collect soil sample from saturated zone
soil affected by COCs

Collect non-impacted soil samples (if found) from soil containing woody
debris, containing silty sand, containing non-silty sand, for later

submittal to Treatability Lab and/or Analytical Lab

	

0

Assess the soil sample group collected
from the four borings proposed

Select up to a total of 6 soil samples for TOD Test on the basis of varying
soil type and apparent level of COCs (i.e., residual, smear, dissolved)

Select up to 6 soil samples for analytical laboratory suite on the basis of
varying soil type and apparent level of COCs (i.e., residual, smear, dissolved)

Select up to four bulk soil samples for Treatability Lab use on the basis of
varying soil type and apparent level of COCs (i.e., residual, smear, dissolved) ,

Collect bulk groundwater affected by COCs for Treatability Lab use]

Ship samples to Treatability Lab, Analytical Lab

No



PCP ug/L 370
DRO ug/L 200 J

Diesel Degraders MPN/100mL ND
PCP Aerobic cells/bead Yes

PCP Anaerobic cells/bead ND

MW-11 MONITORING WELL
* (SAMPLED SEPT. 2013 FOR PCP, DRO AND

HYDROCARBON DEGRADING BACTERIA)
(SAMPLED DEC. 2013 FOR PCP
DEGRADATION GENETIC MARKERS)

▪ EXTRACTION WELL

PCP ug/L 0.50 U
DRO ug/L 260 U

Diesel Degraders MPN/100mL ND
PCP Aerobic cells/bead NT

PCP Anaerobic cells/bead NT

PCP ug/L 640
DRO ug/L 390

Diesel Degraders MPN/100mL Yes
PCP Aerobic cells/bead NT

PCP Anaerobic cells/bead NT

PCP ug/L 360
DRO ug/L 82,000

Diesel Degraders MPN/100mL ND
PCP Aerobic cells/bead Yes

PCP Anaerobic cells/bead ND

FORMER J.H. BAXTER AND CO.
WOOD TREATING FACILITY

DATUM:

	

JS

	

ARLINGTON, WA
TITLE:

SUMMARY OF GROUNDWATER PCP, DRO &
BIOLOGICAL MONITORING RESULTS

SEPTEMBER/DECEMBER 2013

3xter
AMEC

7376 S.W. Durham Road
Portland, OR. U.S.A. 97224

amec°

J.H. BAXTER

PROJECTION:

SCALE:
AS SHOWN

REV. NO.:

FIGURE NO.:

4-61M-125612

6

n RECOVERY WELL

- - APPROXIMATE SITE BOUNDARY

LAYOUT OF GROUNDWATER
RECIRCULATION PIPING

ND

	

NOT DETECTED
NT

	

NOT TESTED
PCP

	

PENTACHLOROPHENOL
DRO

	

DIESEL RANGE ORGANICS
DIESEL DEGRADERS HYDROCARBON DEGRADING BACTERIA
PCP AEROBIC

	

PCP REGULATOR GENE
PCP ANAEROBIC

	

DESULFITOBACTERIUM SPP.
MPN/g

	

MOST PROBABLE NUMBER OF CELLS PER GRAM
cells/g

	

CELLS PER GRAM
POTENTIALLY ANOMALOUS RESULT SUSPECTED TO BE
10X DILLUTION, CORRECT RESULT MAY BE 130 pr/Lt

K:\12000\12500\12561\125612\DWG\_Source_Bench_Report\Figure 2-6 - Groundwater Monitoring Network.dwg - 6 - Nov. 20. 2014 9:31am - stephane.descombes



Figure 7
Pentachlorophenol (PCP) Oxidized vs Persulfate Used

at Day 49
Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington

Sample SB-A: 24-27
Persulfate

Dose
Average % Decrease in PCP

Persulfate
Remaining (glkg)

Control 0 0
8 glkg 48 1.2

16 glkg 50 2.2
23 glkg 44 3.2

87.5 glkg - -98 29.9
175 glkg 99 38.1

Sample SB-D: 30-33
Persulfate

Dose
Average % Decrease in PCP

Persulfate
Remaining (glkg)

Control 0 0

8 glkg -30 0
16 glkg 35 1

23 glkg 62 2.2
46 glkg 97 6.8

92 glkg 97 36.1
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Sample SB-A: 24-27 Summary of
Bench Oxidation Effectiveness Testing at Day 49
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Sample SB-D: 30-33 Summary of
Bench Oxidation Effectiveness Testing at Day 49
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Lo of Boring No. SB-Ag

ELEVATION AND DATUM:
BORING LOCATION:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9/20/13

DATE FINISHED:
9120/13

DRILLING METHOD: Sonic drilling
TOTAL DEPTH (ft.):
45.0

MEASURING POINT:
_

FIRST

	

COMPL.
-30ft

DEPTH TO WATER (ft.)DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig
- --

LOGGED BY:
Nathan Moxley

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

r REG. NO.
Steve Barnett, LG

	

1051
SAMPLES DESCRIPTION

d m
wy

w
a

m
a N .J

3o
- E

>

	

n¢
NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKS

cementation, react. wIHCI, gee. inter.

Surface Elevation:

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with _ Bagged Samples

1=
sand and silt (roadbase FILL) (no odor) Sheen Testing Results:

2- 0.5

3-

no sheen

4-

5- 0.4

6-

no sheen

7 - 5 2

WOOD DEBRIS: Dark brown to black, moist, 95% WOOD
DEBRIS, 5% fine sand (faint odor) -

8-

no sheen

9
- 2.1

_ rock fragment

10
_ no sheen

11-

12- 0.0 -

13- -

no sheen

14- 0.1
no sheen

15- POORLY-GRADED GRAVEL (GP): Gray, rounded cobble
fragments

POORLY-GRADED SAND with GRAVEL (SP): Gray, moist, 80%16 10.1

17 - '^

medium to coarse SAND with 15% rounded gravel, and 5% fine
sand (odor)

-

abundant sheen with
product droplets

..
18- 1 15.6

19
POORLY-GRADED SAND (SP): Light brown, moist, 85% fine to

slight sheen

20

medium SAND with 10% coarse sand and 5% gravel (slight odor)

OAKBOREV (REV. 812011)

o^ Project No. 361M125611.0001.3 Page 1 of 3



PROJECT: Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-A (cont'd)

SAMPLES 0

w m
-

m a^
-

z
-- E

O a c
Lu-

DESCRIPTION
NAME (USCS): color, moist, % by wt., plast. density, structure,

REMARKS

d
z

E o0
cn

	

rn co
u_ cementation, react. WHO, geo. inter.

_ 5.6 WOOD DEBRIS: Dark brown to black, moist, 95% WOOD _ abundant sheen with

21-
DEBRIS, 5% fine sand (faint odor)

-
product droplets

22- 1 8
Gray, silty, fine SAND lense

POORLY-GRADED SAND with GRAVEL (SP): Gray, moist, 75% no sheen

23-
medium to coarse SAND with 15% rounded gravel, 5% fine sand,
and 5% wood debris (odor and staining)

24-
POORLY-GRADED SAND (SP): Grayish brown, moist, 90% fine to
medium SAND with 5% coarse sand and 5% gravel (odor and

15.8 staining) abundant sheen with25-
product droplets

26
a

16.0
_ abundant sheen with

27 - -
product droplets

28 -

29 19.0 POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist, -

30-

85% fine SAND with 10% silt and 5% gravel (odor and staining)
abundant sheen with
product droplets

- becomes wet -

31
m

22.8

32-

M free product visible

33 16.1

34-

residual free product visible in core bag at 33 ft free product visible

35-

36 - 0.1 -

slight sheen

37-

0
no sheen

38-

39- 0.5

40

y

41- 0.3

no sheen

42-

43 - -

no sheen

44
OAKBOREV (REV.8/201ii

alnee Project No. 361 M125611.0001.3 Page 2 of 3
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-A (cont'd)

SAMPLES

O
o

ea Z

as

E
u)

- ,
3 °o
in LL

2 Z
n

oc

DESCRIPTION
NAME (USCS): color, moist, % by wt., plast. density, structure,

cementation, react. w/HCI, goo. inter.

REMARKS

0.0

45
no sheen

46 -
Boring terminated at 45 feet and backfilled with bentonite chips

-- -

47

48 -

49- _

50-

51- -

52

53-

54- -

55

56 - -

57 - -

58-

59- -

60

61- -

62-

63 - -

64 - -

65-

66-

67 - -

68
OA1ROREV (REV. $12011(

ameco Project No. 361M125611.0001.3 Page 3 of 3
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PROJECT: Former J.H. Baxter

Arlington, Washington Log of Boring No. SB-B

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
FIRST

	

COMPL.
-- 30 ft

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]
LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

^

	

REG. NO.
Steve Barnett, LG

	

1051
SAMPLES ^ry

g - E
> 0c
O if,

NAME
DESCRIPTION

(USCS): color, moist, % by wt., plast. density, structure, REMARKSF mCL

` ''

ao
E Zr

m N3 0

mu_

cementation, react. wIHCI, geo. inter.

Surface Elevation:
_

1-

2 -

3-

4-

5_

6-

8-

9 -

2.1

1.6

3.3

1.4

6.8

2.0

1.1

0.6

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with
sand and silt (roadbase FILL) (no odor)

_

-

Bagged Samples
Sheen Testing Results:

no sheen

WOOD DEBRIS: Dark brown to black, moist, 95% WOOD
DEBRIS, 5% fine sand (faint odor)

-
no sheen

slight sheen

no sheen

no sheen

no sheen

no sheen

no sheen

POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%
, \ fine to medium SAND with 5% silt and 5% gravel (no odor)

POORLY-GRADED SAND (SP): Light grayish brown with reddish
gray and gray staining, moist, 60% medium to coarse SAND with
30% fine sand and 10% gravel (slight odor)

--

	

-	
POORLY-GRADED SAND with GRAVEL (SP): Light grayish brown
with dark gray staining, moist, 65% medium to coarse SAND with
25% gravel and 10% fine sand (no odor)

- contains rounded cobbles

-

-
-

T

-

-

-

-

_

10-

11 -

12-

13-

14 --

15

16-
-

17-

18-

19-

20

o
N

m
w

oAKBOREV (REV. 812011)

anew Project No. 361M125611.0001.3 Page 1 of 2
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-B (cont'd)

SAMPLES
M
w

_

E °z
I
E

-
°o

2 z
p Q

w"

DESCRIPTION REMARKS
NAME (USCS): color, moist, % by wt., plast. density, structure,

cementation, react. wlHCL, geo. inter.

21

POORLY-GRADED SAND (SP): Light brown with gray staining,
moist, 80% fine to medium SAND, with 10% coarse sand and 10%
gravel (slight odor) -

2.4 -

22 _ no sheen

23

24 1.2 -

25 -

no sheen

26 3.0

-

	

no staining visible

t

27

slight sheen

=

28
general grain size decreases to 95% fine to medium SAND with 5% _

29 2.6
T

	

gravel

30 - -- -

no sheen

31 - 15.9
free product visible inside core bag

_ abundant sheen with

32 -
product droplets

33 15.4
_ free product visible

1 POORLY-GRADED SAND with SILT (SP-SM): Light brown, wet,
85% fine SAND with 15% silt (odor)

34

1
35

36 5.5

37 -

slight sheen

38 -

39 2.8

40

no sheen

41
Boring terminated at 40 feet and backfilled with bentonite chips.

42 -

43 --

	

-

44
OAKBOREV (REV.8/2011)

amee Project No. 361M125611.0001.3
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PROJECT: Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-C

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.) FI30

	

COMPL.

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]
LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

1051
SAMPLES DESCRIPTION

41) m
N

g - E NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKS
a m o a J3 0 > o geo.cementation, react. wIHCI,

	

inter.
o

E -=

O
w

..
roo cn Surface Elevation:

- AGGREGATE BASE (GP): Light grayish brown, moist, gravel with _ Bagged Samples

1-
sand and silt (roadbase FILL) (no odor)

-
Sheen Testing Results:

2 - 1.3 -

3- -

no sheen

4-
POORLY-GRADED SAND with SILT (SP-SM): Brown, moist, 75%
fine to medium SAND with 15% silt and 10% gravel (slight odor)

- 5.1 -

5
- no sheen

POORLY-GRADED SAND (SP): Light grayish brown, moist, 85%

6- 5.8
fine to medium SAND with 10% gravel and 5% coarse sand (no
odor) -- slight sheen

7-

8 - _

3.5 -

9-
no sheen

10 - -

11-
T

	

coarse sand content increases

12- 1.0 -

13- -

no sheen

14- 1.7

15- -

no sheen

16- 1.9 ---------------------

	

--

POORLY-GRADED SAND (SP): Light brown, moist,
to coarse SAND, with 10% fine sand and 10% gravel

17-

80% medium
(no odor)

no sheen

18-

19- 1.6 -
no sheen

20 OAKBOREV (REV. R 2 1 )

ameco Project No. 361M125611.0001.3 Page 1 of 2
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PROJECT: Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-C (cont'd)

SAMPLES 0
q? '^' 2

DESCRIPTION REMARKS

IL
-
CL

	

; -CL > in NAME (USCS): color, moist, % by wt., plast. density, structure,E
CO

co co
LL U-1

cc cementation, react. w/HC1, gen. inter.

21-

22-

6 2.3
no sheen

- grain size decreases to a fine to medium SAND

23-

T

24-- 1.4

-

no sheen

-::i

27-

3 .5

grain size increases to a medium to coarse SAND

gravel lense no sheen

28- 112 gravelly, medium to coarse SAND lense

POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist, - sheen with trace product

29- 90% fine SAND, with 10% silt (no odor) -
droplets

30- 4.0

31-

becomes wet no sheen

lense containing 10% coarse sand and 10% gravel

32- (cc; 5.9

33-

no sheen

3.7

35-
no sheen

36- 2.3

37-

no sheen

38-

39- 1.4

40-

no sheen

41-
Boring terminated at 40 feet and backfilled with bentonite chips.

42-

43-

44
OAKBOREV (REV. W011)
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PROJECT: Former J.H. Baxter
Arlington, Washington Log

	

Boring No. SB-Dg

	

g

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
T

FI30

	

COMPL.

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]
LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

1051
SAMPLES O DESCRIPTION

H m y - E NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKS
W

v
°- d

E

a 3 0o oQ n cementation, react. w1HCI, goo. inter.
O

z

mk

a Surface Elevation:

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with _ Bagged Samples

1-
sand and silt (roadbase FILL) (no odor) Sheen Testing Results:

2_ 24 POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%

3-

fine to medium SAND with 5% coarse sand and 5% gravel (no
odor)

-

no sheen

dark brown color -

4- 1.5 -

5- -

no sheen

6- 1.5

7-

no sheen

8- 2.1

9-

no sheen

10-

POORLY-GRADED SAND with GRAVEL (SP): Light grayish
brown, moist, 60% medium to coarse SAND with 30% gravel and
10% fine sand (no odor)

11 2.8
POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%

12-

fine to medium SAND with 10% gravel (no odor) no sheen

13- -

14- 1.8

15-

no sheen

16 3.1 -------------------------

_ POORLY-GRADED SAND with GRAVEL (SP): Light grayish no sheen

17-
brown, moist, 60% medium to coarse SAND with 30% gravel and
10% fine sand (no odor) -

18- 3

19-

no sheen

20

	

OAKBOREV (REV. 52011}

amee,
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PROJECT: Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-D (cont'd)

SAMPLES

H
W

d

z

w y y

m i°
z E

O < Q

DESCRIPTION REMARKS

NAME (USCS): color, moist, % by wt., plast. density, structure,
cementation, react. w/HCI, geo, inter.

POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%
fine to medium SAND with 10% gravel (no odor)

21-

22 -

23-

24 -

25-

26-

-
27 -

28 -

29-

30

-
31-

32

-
33-

34--

35-

36-

37 -

38 -

39 -

40

41-

42 -

43 -

0
cr.

O

2.8

3.3

3.4

21.4

177

17.1

-

_

-

_

no sheen

-----------------------------------

no sheen

no sheen

slight sheen

sheen and product
droplets

heavy sheen and free
product

-

-

POORLY-GRADED SAND with GRAVEL (SP): Light grayish
brown, moist, 60% medium to coarse SAND with 30% gravel and
10% fine sand (odor and staining)

POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist
to wet, 90% fine to medium SAND with 10% silt (strong odor)
visible product in soil core from 30 - 34 ft

_

-

_

-

_

-

-

_

4.6

2.7

3.0

1.7

odor decreases below 34 ft

-

slight sheen

no sheen

no sheen

Boring terminated at 40 feet and backfilled with bentonite chips.

_

-

_

44

	

-
OAKBOREV (REV. 812411(

al7]f Project No. 361M125611.0001.3

	

Page 2 of 2



amnec
faster
wllee[er

ATTACHMENT B

Soil and Groundwater Laboratory Analytical Reports

4W



-

ATTACHMENT C

Ursus Bench Treatability Study Report



200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-74130
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October 28, 2014

Dr. Jack Spadaro
AMEC Environment & Infrastructure
7376 SW Durham Road
Portland, Oregon 97224

Subject: Bench Level Testing for the Remediation of Pentachlorophenol at the JH
Baxter site in Arlington, WA.

Dr. Spadaro,

Ursus Remediation Testing & Technologies, LLC (Ursus) is pleased to provide AMEC
Environment & Infrastructure (AMEC) this report for bench level testing of
Pentachlorophenol (PCP) at the JH Baxter site in Arlington, WA.

OBJECTIVE

Testing was conducted to measure the effectiveness of chemical oxidants to reduce the
levels of PCP in saturated soil from the site. Since a site specific PCP cleanup goal was not
defined, the treatment goal was to reduce the mass of PCP in soil and groundwater slurries.
PCP at the site is cut with diesel.

The two chemical oxidants tested in the study were persulfate and permanganate.
Treatment of PCP contaminated soil and groundwater with persulfate is well established.
Permanganate was evaluated since it has minimal potential to oxidize diesel range
hydrocarbons and should be effective in mineralizing PCP. Therefore, the permanganate
requirement may be lower than the persulfate requirement since the permanganate may
target the PCP and to a lesser degree diesel.

The objectives of the study included:

1. Determine the Total Oxidant Demand (TOD) of soil using sodium persulfate and
permanganate. The objective of the TOD is to determine the amount of persulfate
and permanganate required to oxidize natural and anthropogenic sources of organic
compounds in site soil.

2. Measure the effectiveness of varying dosages of persulfate and permanganate to
lower concentrations of PCP in soil and groundwater slurries. Analyze secondary
parameters to gauge the oxidant impact on groundwater.

200 E Lincoln Street, Mount 1-loreb, W153572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

3. PCP at the site is cut with diesel and it was suspected that free product diesel will
increase the oxidant demand well above the stoichiometric mass of oxidant needed
to mineralize only the PCP. Therefore, chemical dosing in the first round of
evaluation testing took into consideration the potential oxidant demand of the
diesel.

BACKGROUND

Seven soil samples and one groundwater sample were received by Ursus. Soil samples
were collected in 16 oz. soil jars and received on ice. Groundwater was received on ice in
1 liter amber bottles. Samples were received unpreserved and were not chemically
preserved at the laboratory for TOD and Effectiveness testing, which is standard operating
procedure for this type of testing. Samples received, descriptions, and comments are
shown in Table 1.

Table I.
Samples Received for TOD and Effectiveness Testing

Sample
Name

Sample
Date

Date
Received Matrix Wt. /vol Sample Comments

MW-12 9/21/13 9/25/13 and
9/26/ 13

GW 12 L No headspace

SB-A: 10-11 9/21/13 9/25/13 Soil 1-16 oz jars Soil and plant debris. No
apparent odor.

SB-C: 20-21 9/21/13 9/25/13 Soil 1-16 oz jars Silty Loam. No apparent
odor.

SB-A: 30-33 9/21/13 9/25/13 and
9/26/ 13

Soil 5-16 oz jars Sandy Loam. Odor.

SB-D: 30-33 9/21/13 9/25/13 Soil 5-16 oz jars Sandy Loam. Odor and free
product.

SB-A: 16-19 9/21/13 9/26/13 Soil 5-16 oz jars Small gravel and sand.
Odor.

SB-A: 24-27 9/21/13 9/26/13 Soil 5-16 oz jars Sandy soil. Odor.

Sodium persulfate requires activation to be the most effective in degrading contaminants in
soil and groundwater. Common activators for persulfate include alkaline (sodium
hydroxide), hydrogen peroxide, and transitional metals (iron). For this study, persulfate
was activated with sodium hydroxide to a pH greater than 10.5, or hydrogen peroxide, or
iron. Permanganate does not require activation for effective treatment.

l.r:.
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

MATERIAL & METHODOLOGY

Materials

• Sodium Persulfate - Na 2 S2O8 . Provided by PeroxyChem under the trade
name KlozurTM

• Sodium Permanganate - 40% NaMnO 4 . Provided by Carus Chemical under
the trade name Remox® L ISCO.

• Hydrogen Peroxide - 30% H 202 . Fisher Scientific reagent grade.

• Ferrous Sulfate Heptahydrate - FeSO 4 7H20. Premier Chemicals LLC.

• Sodium Hydroxide - NaOH. JT Baker reagent grade.

Analytical Methods

Both standard and non-standard methods were used during the study. Table 2 lists the
methodologies.

Table 2.
Analytical Methodology

Test Parameter Methodology

TOD/Effectiveness
Testing

Haselow et. al (2003). FMC Protocol. Ursus
Proprietary methodology

Diesel Range
Organics (DRO)

EPA 8015C

Pentachlorophenol
(PCP)

EPA 8270D

Total Arsenic,
Chromium, Copper,
Lead

EPA 6010

pH SW-845 9045

u

Llrcus Remediation Testin g & Technolo gies. LI.('
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October 28, 2014
JH Baxter - Arlington, WA

Acidity and TOD Testing

Acidity was measured in each soil sample to determine the amount of sodium hydroxide
needed to maintain the pH above 10.5 for alkaline activation. Acidity testing was
conducted over roughly a 3-day period with periodic pH measurements and adjustment to
maintain a greater than 10.5 pH. Alkalinity testing was conducted over roughly a 24 hour
period with periodic pH measurements and adjustment to maintain the pH target range of 3
to 5 with sulfuric acid.

Soil slurries were prepared for TOD testing by mixing each soil with MW-12 groundwater.
A soil to groundwater ratio of 1:4 was used in preparing the slurries. Oxidant/activator and
groundwater where mixed and the mixture was added to the soil. Slurries were dosed with
sodium persulfate at 2.5 g/kg, 5.0 g/kg, and 10.0 g/kg and the amount of alkalinity needed
to maintain a greater than 10.5 pH. Only alkaline activation was tested for persulfate TOD.
Permanganate TOD testing was dosed with 2.5 g/kg, 5.0 g/kg and 10.0 g/kg permanganate.
Activation is not required for permanganate.

The samples were exposed to ambient laboratory conditions at the bench in tightly capped
reaction jars with periodic mixing (shaken two to three times/day). TOD analysis was
performed 48 and 96 hours post treatment.

Effectiveness Testing Round 1 (102 Day Treatment)

Two soil/groundwater slurry samples (one from SB-A: 24-27, and one from SB-D: 30-33)
were prepared for effectiveness testing. Each soil was slurried with groundwater sample
from MW- 12.

Samples were treated with alkaline activated sodium persulfate, hydrogen peroxide
activated sodium persulfate, iron activated sodium persulfate, and sodium permanganate.
Effectiveness testing dosages were based on data collected in TOD testing and oxidant
stoichiometric demand of the DRO, heavy hydrocarbons, and PCP.

Analytical data showed significant concentrations of DRO, heavy hydrocarbons, and PCP
in the soil. To ensure sufficient persulfate dosage to treat the contaminants, a
stoichiometric calculation was performed to estimate the overall oxidant demand. The
stoichiometric demand assumed persulfate will oxidize DRO, heavier hydrocarbons, and
PCP at the same rate.

Due to the high oxidant demand of the soils and the difficulty of adding all of the chemistry
in one application, persulfate and permanganate were added in multiple applications.

A control sample for each soil was prepared at the same soil to liquid ratio at the treated
samples.

A sacrificial sample was prepared with the same chemistries and dosages to measure the
secondary parameters, including residual persulfate and permanganate, arsenic, chromium,
copper, lead, and pH. The secondary parameters were measured in the liquid phase of the
sacrificial control and treated samples periodically during the study. Sacrificial samples
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were prepared since significant volume of the liquid phase may be required for secondary
testing.

The control and treated samples (non-sacrificial sample) will be measured for DRO and
PCP at two testing times. Sodium sulfite was added to treated and control samples
submitted for DRO and PCP analysis to chemically reduce the oxidant and stop the
reaction. Sodium sulfite was added immediately prior to sample submission. Each
soil/groundwater slurry sample was amended with drying agent in the analytical laboratory,
and the resulting solid was solvent-extracted to prepare a sample for injection into the gas
chromatograph. Treated and control samples were corrected for total solids and results
were reported as dry weight.

Persulfate Treatment
1. The target total persulfate dosage applied was 25% and 50% of the stoichiometric

demand. One sample received a total of 25% of the total stoichiometric demand
and another received 50% of the total stoichiometric demand. Residual persulfate
was periodically monitored, depending on the residual persulfate concentration, add
additional persulfate - if all or most of the persulfate is spent- or let the reaction
proceed if significant persulfate remains and measure the persulfate concentration
again over time.

2. The additional persulfate dosage, if required, was dependent on the residual
persulfate and stoichiometric amount added.

3. DRO, PCP, and secondary parameters analysis time frames were dependent on data
obtained in residual testing and the stoichiometric amount of oxidant added.

Permanganate Treatment
1. Because permanganate is generally not effective in oxidizing hydrocarbons, it is

difficult to estimate the stoichiometric demand. Therefore, the persulfate demand
was used as an estimate.

2. To allow for flexibility in adding permanganate, three samples were prepared and
dosed at 25% of the persulfate demand.

3. The residual permanganate was monitored (visually) and analytically. Additional
permanganate was added, if necessary. The additional permanganate dosage, if
required, was dependent on the residual permanganate and initial dosage.

4. DRO, PCP, and secondary parameters analysis time frames were dependent on data
obtained in residual testing and the stoichiometric amount of oxidant added.

For persulfate and permanganate effectiveness testing, 50 g of soil was tested and 12.5 mls
of MW-12 groundwater was added at each dosage interval. For example, 12.5 mls of
liquid was added in the first application. The second application also received 12.5 mls of
liquid for a total volume of 25 mls. Each subsequent addition received another 12.5 mls of
MW-12. The 50g of soil to 12.5 mls of liquid simulates a soil groundwater condition that
is slightly greater than the saturation point. Laboratory testing found a soil saturation point
of 23% v/v. The objective was to add a liquid volume that simulates a volume that could
be added in an ISCO application.

Remediation Testing & Fe,:
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The required amount of treatment chemical for each dosage was mixed with MW-12, and
added to the corresponding soil. For alkaline activated sodium persulfate effectiveness
testing, sodium hydroxide was applied to achieve a pH of greater than 10.5. The amount of
sodium hydroxide required included the amount to increase the soil pH and to compensate
for the formation of sulfuric acid from sodium persulfate. When sodium persulfate reacts,
sulfuric acid is produced as a product of the reaction. Hydrogen peroxide was added at a
1:1 persulfate to peroxide molar ratio for peroxide activate sodium persulfate. For iron
activated sodium persulfate, iron, in the form of ferrous sulfate heptahydrate, was added at
300 mg Fe/kg soil.

Effectiveness Testing Round 2 (49 Day Treatment)

Testing was conducted similarly to the first round of testing. Three alkaline activated
dosages of 8, 16, and 23 g persulfate/kg soil where tested in samples SB-D-30-33 and SB-
A-24-27. Fifty grams of soil was mixed with 12 mis of MW-12 groundwater at each
dosage. A control sample at the same soil to liquid ratio was also prepared. A sacrificial
sample was prepared at each dosage to measure the secondary parameters, including
residual persulfate, and pH. Samples were allowed to react for 49 days and then samples
were tested for residual persulfate, pH, PCP, and DRO. A duplicate was prepared for each
control and dosage. Only PCP was measured in the duplicate.

RESULTS

Acidity and TOD Testing

The amount of sodium hydroxide needed to adjust the sample for alkaline activation
includes the mass needed to maintain the pH above 10.5 and the mass needed to
compensate for the decomposition of sodium persulfate and formation of sulfuric acid. The
average baseline acidity for all soil samples was 2.75g NaOH/kg. The required amount of
sodium hydroxide for each dosage is shown in Table 3.

Table 3.
Grams of NaOH Added For TOD Alkaline Activation.

Persulfate
Dosage
(g/kg)

Acidity (g
NaOH/kg

soil)
2.5 6.3
5.0 7.2
10.0 9.0

tit-sus Remediation Tcstin n fi Technologies, 1 I C
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TOD Testing

Alkaline Persulfate TOD
Soil was dosed 2.5, 5.0, and 10.0 g/kg of sodium persulfate. The TOD was
measured at 48 and 96 hours post treatment. The TOD was set up on September 30,
2013. The 48 hour persulfate TOD (TOD 48i r) was measured on October 3, 2013
and the 96 hour (TOD96Hr) on October 4, 2013.

At the 48 and 96 hour mark, the soil slurry was allowed to settle and an aliquot of
the liquid fraction was decanted and analyzed for residual persulfate. The data for
the TOD is shown in Table 4. Results are discussed below.

1. Higher dosage levels produced higher TOD results in both the 48 and 96
hour tests.

2. Higher results were observed in the TOD 96 when compared to the TOD 48 -
suggesting that the majority of the oxidant demand was not met in the first
48 hours.

3. Where residual persulfate exists, the pH was significantly higher than the
target pH of 10.5. This is not unexpected since more sodium hydroxide was
added to compensate for the formation of sulfuric acid when the persulfate
breaks down. Since all of the persulfate has not broken down, excess
sodium hydroxide is present and therefore a higher pH results.

4. Where all of the sodium persulfate is utilized, the pH is near or less than
10.5.

5. TOD results show that SB-A: 10-11 and SB-C: 20-21 had the greatest TOD
(> 10.0) while the other samples showed less TOD - ranging from 0.9 to 4.5
glkg at 96 hours.
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Table 4.
TOD48 and TOD96 Results for Alkaline Activation

48 hour TOD 96 hour TOD

Sample ID

Sodium
Persulfate

Dosage
g/kg pH g/kg pH g/kg

SB-A: 10-11 2.5 9.54 > 2.5 8.41 > 2.5

5.0 8.86 > 5.0 7.71 > 5.0
10.0 7.90 > 10.0 6.99 > 10.0

SB-C: 20-21 2.5 11.48 > 2.5 10.78 > 2.5
5.0 11.51 > 5.0 10.55 > 5.0

10.0 12.02 6.2 11.44 > 10.0
SB-A: 30-33 2.5 12.21 0.2 12.24 1.1

5.0 12.36 0.8 12.40 0.9
10.0 12.57 0.9 12.60 3.3

SB-D: 30-33 2.5 12.17 1.0 12.03 1.0
5.0 12.41 0.3 12.08 2.5
10.0 12.58 1.6 12.42 4.5

SB-A: 16-19 2.5 12.20 1.2 12.35 1.5
5.0 12.38 1.2 12.51 1.5

10.0 12.62 1.3 12.67 4.2
SB-A: 24-27 2.5 11.96 1.0 11.51 1.6

5.0 12.46 0.3 12.04 1.5

10.0 12.65 0.6 12.39 3.9

Permanganate TOD
The soil/groundwater slurry was dosed at 2.5, 5.0, and 10.0 g/kg permanganate. The TOD
was measured at 48 hours and 96 hours post treatment. The TOD was set up on September
30, 2013. The 48 hour permanganate TOD (TOD4SHr) was measured on October 3, 2013
and the 96 hour (TOD 96Hr) on October 4, 2013.

At the 48 hour and 96 hour mark, the soil slurry was allowed to settle and an aliquot of the
liquid fraction was decanted and analyzed for residual permanganate. Soil slurry TOD data
is shown in Table 5. Results are discussed below.

1. The majority of the demand was observed in the first 48 hours and all of the
permanganate was utilized within 96 hours.

2. It appears the permanganate more readily oxidizes the sample when compared to
persulfate or the permanganate demand is greater than the persulfate demand. It si
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not uncommon to observed high permanganate TOD in samples when they are
treated with both permanganate and persulfate.

3. Permanganate TOD can be converted to potassium permanganate or sodium
permanganate TOD by multiplying the permanganate TOD by 1.33 and 1.19,
respectively.

Table 5.
TOD48 and TOD% Results for Permanganate

48 hour
TOD

96 hour
TOD

Sample ID
Permanganate
Dosage, g/kg MnO4, g/kg MnO4, g/kg

SB-A: 10-11 2.5 > 2.5 > 2.5

5.0 > 5.0 > 5.0

10.0 > 10.0 > 10.0

SB-C: 20-21 2.5 > 2.5 > 2.5
5.0 > 5.0 > 5.0

10.0 > 10.0 > 10.0

SB-A: 30-33 2.5 > 2.5 > 2.5

5.0 5.0 > 5.0
10.0 10.0 > 10.0

SB-D: 30-33 2.5 > 2.5 > 2.5

5.0 > 5.0 > 5.0
10.0 > 10.0 > 10.0

SB-A: 16-19 2.5 > 2.5 > 2.5

5.0 5.0 > 5.0

10.0 9.8 > 10.0
SB-A: 24-27 2.5 > 2.5 > 2.5

5.0 > 5.0 > 5.0
10.0 10.0 > 10.0

TOD testing showed ,all of the permanganate was utilized within 96 hours. Persulfate
testing showed either all persulfate was utilized or an increasing demand from 48 to 96
hours. Both cases suggest the oxidant demand was not met for ali samples.

r<

	

rr<(u

	

,c r..

1

r"

C
J

G

L
L
L'

200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413

	

Page 9 of 58



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Effectiveness Testing Round 1 (102 Day Treatment - November 18, 2013 - February 28,
2014)

The TOD testing suggested that oxidant demand was higher than initial estimates. To
better estimate the oxidant demand, a persulfate stoichiometric calculation was performed.
Analytical data is shown for soil samples that have reported results (Table 6).
Stoichiometric requirement and stoichiometric demand are shown in Table 7. The highest
stoichiometric requirement was estimated to come from DRO, requiring an estimated 51.5
g of sodium persulfate/g of DRO (Table 7). The PCP stoichiometric requirement was
estimated at 8.0 g of sodium persulfate/g of PCP. Stoichiometric demand estimates show
the majority of the persulfate demand is expected to be from DRO and to a lesser degree
residual hydrocarbons. Sample SB- A: 30-33 has the highest total stoichiometric demand
at a calculate amount of 1,195 g persulfate/kg soil.

Table 6.
Soil Analytical Data

mg/kg dry wt.

Compound SB-A: 16-19 SB-A: 24-27 SB-A: 30-33 SB-D: 30-33

DRO 3,000 13,000 22,000 2,000
Residual Range 170 660 1,200 1,500
PCP 1.1 110 15.0 530

Table 7.
Sodium Persulfate Soil Stoichiometric Demand

Stoichiometric Demand, g Persulfate/kg Soil

Compound

Stoichiometric
Requirement,
g Persulfate/g

Compound SB-A: 16-19 SB-A: 24-27 SB-A: 30-33 SB-D: 30-33

DRO (assume
C20H42 as avg) 51.5 155 670 1,133 103
Residual Range
(assume C32H60

as avg) 50.3 8.6 33 60 75
PCP 8.0 0.01 0.88 0.12 4.24
Est. Soil Oxidant
Demand (SOD) - 2.0 2.0 2.0 2.0

Total

	

165

	

706

	

1,195

	

185
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The objective of the study is to evaluate the effectiveness of persulfate and permanganate
to reduce concentrations of PCP in soil. Therefore, a fifty percent reduction in PCP
concentration was deemed acceptable.

The estimated stoichiometric demand as a percentage is shown in Table 8. To achieve a
dosage of 50% of stoichiometric demand, 92 g persulfate/kg soil is required for sample SB-
D: 30-33.

Table 8.
Sodium Persulfate as a Percentage of Soil Stoichiometric Demand

g Persulfate/kg Soil
Percent to Meet
Stoichiometric Demand SB-A: 16-19 S13-A: 24-27 SB-A: 30-33 SB-D: 30-33

100% of Stoic Demand 165 706 1,195 185
75% of Stoic Demand 124 529 897 139

50% of Stoic Demand 83 353 598 92

25% of Stoic Demand 41 176 299 46

10% of Stoic Demand 17 71 120 18

Two of the soil samples received were tested for the effectiveness testing phase of the
study. The two samples tested were SB-A: 24-27 and SB-D: 30-33. The total target
dosage tested were 25% and 50% of the stoichiornetric demand. For sample SB-A: 24-27,
the 25% stoichiometric total target dosage was 175 g persulfate/ kg of soil and 350 g
persulfate/kg soil for 50% total target dosage. For sample SB-D: 30-33, the 25%
stoichiometric total target dosage was 46 g persulfate/ kg of soil and 92 g persulfate/kg soil
for 50% total target dosage. As earlier discussed, the permanganate stoichiometric demand
was based on the persulfate demand. The initial dosage for SB-A: 24-27 was 43.8 g
sodium permanganate/kg soil and 23 g sodium permanganate/kg soil for SB-D: 30-33.
Addition permanganate dosages were based on the residual permanganate concentration,
total dosage applied, and DRO and PCP results.

The test dosages used in the initial study well exceed the dosage that can be applied in one
ISCO injection. This is due to the solubility of the oxidant and a mass that can be safely
applied in the field. Therefore, multiple additions of chemical were applied over a period
of 78 days to achieve the total target stoichiometric demand. An ISCO application of 12.5
mis of volume/50 g of soil is deemed acceptable for this site. This correlates to 60 gallons
of liquid/ton of soil or 84 gallons of liquid/cubic yard, assuming a soil bulk density of 1.44
tons/cubic yard. Other factors such as soil lithology influence the volume of liquid that can
be applied.

For persulfate treatment, activators are required. The amount and frequency of activator
addition depends on the activator and the persulfate dosage. For example, persulfate forms
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sulfuric acid during decomposition. The amount of sulfuric acid formed is dependent on
the persulfate addition and the decomposed amount of persulfate. To neutralize the sulfuric
acid and maintain a pH of greater than 10.5, sodium hydroxide is required for each
application. Hydrogen peroxide was added at a 1:1 molar ratio of hydrogen peroxide to
persulfate at each application. Iron was only added during the initial application since iron
will remain in the slurry and continue the reaction (catalyst). To maintain a pH range of 3
to 5 for effective iron persulfate activation, sulfuric acid is usually applied. In this study,
no sulfuric acid was added at any application since more than enough sulfuric acid was
formed from the decomposition of persulfate to maintain an acceptable pH level.

Table 10 shows the amount of oxidant and activator added for each application. For
clarification, the persulfate dosage is only listed once per application in the table but each
activated persulfate received the shown dosage plus activator. For example, in the first
application for sample SB-A: 24-27 at the 25% stoichiometric target, alkaline persulfate
was dosed with 43.8 g/kg persulfate and 16.8 g/kg NaOH. Peroxide activated persulfate
for the same sample received 43.8 g/kg persulfate and 6.2 glkg hydrogen peroxide.

Multiple oxidant applications were applied over a 78 day period. Sample SB-A: 24-27
received persulfate applications at Day 1, Day 22, Day 49, and Day 78 (Table 10). Sample
SB-D: 30-33 received persulfate dosages at Day 1, Day 22, and Day 78 (Table 10). Note
that three persulfate applications were applied for sample SB-D: 30-33. The three
applications exceeded the target stoichiometric amounts of 46 and 92 g persulfate /kg soil.
The actual stoichiometric amount of persulfate added to sample SB-D: 30-33 was 69 g/kg
persulfate and 115 g/kg persulfate which correlates to 37% and 62% of the total
stoichiometric demand, respectively. Permanganate was applied Day land Day 78 (Table
10). Sample SB-A: 24-27 received 43.8 g/kg permanganate on Day 1 and Day 78 for a
total of 82.6 g/kg. Sample SB-D: 30-33 received 23 g/kg permanganate on Day 1 and 46
g/kg permanganate Day 78 for a total of 69 g/kg.

c
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Table 10.
Effectiveness Testing Round 1 - Oxidant Dosage Application

Application Chemical/Dosage SB-A: 24-27 SB-D: 30-33
Stoichiometric Target 25% 50% 25% 50%

Total Target Dosage, g/kg 175 350 46 92

Persulfate Dosage, g/kg 43.8 87.5 23 46
NaOH Dosage, glkg 16.8 32.1 10.6 18.6

1st Application - Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
11/18/13 (Day 1) Iron, mg/kg 300 300 300 300

Sodium Permanganate,
g/kg 43.8 NA 23 NA

Persulfate Dosage, g/kg 43.8 87.5 23 46

2nd Application
NaOH Dosage, g/kg 15.3 30.6 8.1 16.1

12/10/13 (Day Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6

22) Iron, mg/kg NA NA NA NA
Sodium Permanganate,

g/kg NA NA NA NA

Persulfate Dosage, g/kg 43.8 87.5 NA NA

NaOH Dosage, g/kg 15.3 30.6 NA NA
3rd Application Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
1/6/14 (Day 49) Iron, mg/kg NA NA NA NA

Sodium Permanganate,
g/kg NA NA NA NA

Persulfate Dosage, g/kg 43.8 87.5 23 23

NaOH Dosage, g/kg 15.3 30.6 8.1 8.1
4th Application Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
2/4/14 (Day 78) Iron, mg/kg NA NA NA NA

Sodium Permanganate,
g/kg 43.8 NA 46 NA

Persulfate Dosage, g/kg 175 350 69 115
NaOH Dosage, g/kg 63 124 27 43

Total Hydrogen Peroxide, g/kg 24.8 50 9.9 19.8
Iron, mg/kg 300 300 300 300

Sodium Permanganate,
g/kg 87.6 NA 69 NA

NA = Not
applied
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Various analytical tests were performed depending on the application day. On Day 22, and
Day 79, pH, TOD, and residual oxidant were measured. On Day 49 and Day 102, pH,
TOD, residual oxidant, arsenic, total chromium, copper, lead, DRO, and PCP were
measured. If analytical testing and oxidant addition fell on the same day, analytical testing
was performed prior to adding additional oxidant. Data for sample SB-A: 24-27 is shown
in Table 11. Data for sample SB-D: 30-33 is shown in Table 12.

Table 11.
Effectiveness Testing Round 1 - Analytical Data for Sample SB-A: 24-27

SB-A: 24-27

Test
Day Test/Units Control

Alkaline
Persulfate

Peroxide
Persulfate Iron Persulfate Permanganate

Total
Dosage

g/kg NA 23.0 46.0 23.0 46.0 23.0 46.0 23.0

pH NA 10.30 13.49 3.50 2.70 2.66 2.42 NA
Day 22

TOD, g/kg NA 19.9 35.6 19.1 26.7 19.2 26.4 6.6
Residual
Oxidant,

g/kg NA 3.1 10.4 3.9 19.3 3.8 19.6 16.4
Total

Dosage
g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH NA 12.19 12.75 2.45 2.18 2.40 2.18 NA

TOD, g/kg NA 39.2 55.9 37.9 50.7 38.1 51.7 11.5

	

_
Residual
Oxidant,

g/kg NA 6.8 36.1 8.1 41.3 7.9 40.3 11.5

As, mg/L <0.30 0.94 1.14 <0.30 <0.30 <0.30 <0.30 <3.0

Day 49
Cr (total),

mg/L <0.050 0.92 1.94 0.36 1.07 0.34 0.66 3.50

Cu, mg/L <0.050 0.060 0.073 1.44 2.92 1.60 2.52 1.14

Pb, mg/L <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 0.31 <3.0
DRO,
mg/kg 12,000 11,000 12,000 11,000 8,600 13,000 8,000 15,000

DRO, %
Reduction 8% 0% 8% 28% -8% 33% -25%

PCP,
mg/kg 190 5.8 4.8 110 150 80 48 58

PCP, %
Reduction 97% 97% 42% 21% 58% 75% 69%

Ursus Remediation Testing & Technologies, t.l .(
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Table 11 (Cont.).
Effectiveness Testing Round 1 - Analytical Data for Sample SB-A: 24-27

SB-A: 24-27

Test Day Test/Units Control
Alkaline

Persulfate
Peroxide
Persulfate

Iron
Persulfate Permanganate

Total
Dosage

g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

D ay 78 pH 6.30 10.64 12.90 2.47 2.38 2.42 2.29 8.96

TOD, g/kg NA 38.7 52.7 37.4 47.9 37.4 47.5 >23.0
Residual
Oxidant,

g/kg NA 7.3 39.3 8.6 44.1 8.6 44.5 0.0
Total

Dosage
g/kg NA 69.0 115.0 69.0 115.0 69.0 115.0 69.0

pH NA 12.87 13.13 2.43 2.33 2.35 2.27 8.89

TOD, g/kg NA 58.5 59.5 56.6 52.3 56.8 52.7 39.1
Residual
Oxidant,

g/kg NA 10.5 55.5 12.4 62.7 12.2 62.3 29.9

As, mg/L <0.30 0.80 0.90 <0.30 <0.30 <0.30 <0,30 0.33

Day 102
Cr (total),

mg/L <0.050 0.90 1.17 1.04 1.64 0.81 1.26 2.23

Cu, mg/L <0.050 <0.050 <0.05 2.21 2.87 2.10 2.61 <0.050

Pb, mg/L <0.30 <0.30 <0.30 <0.30 0.41 <0.30 <0.30 0.93
DRO,
mg/kg 13,000 9,700 13,000 11,000 5,200 8,200 5,000 6,400

DRO, %
Reduction - 25% 0% 15% 60% 37% 62% 51%

PCP,
mg/kg 130 4.6 <3.8 51 27 63 30 31

PCP, %
Reduction 96% >97% 61% 79% 52% 77% 76%
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Table 12.
Effectiveness Testing Round 1- Analytical Data for Sample SB-D: 30-33

SB-D: 30-33

Test
Day Test/Units Control

Alkaline
Persulfate

Peroxide
Persulfate Iron Persulfate Permanganate

Total
Dosage

g/kg NA 23.0 46.0 210 46.0 23.0 46.0 23.0

pH NA 10.30 13.49 3.50 2.70 2.66 2.42 NA
Day 22

_

TOD, g/kg NA 19.9 35.6 19.1 26.7 19.2 26.4 6.6

Residual
Oxidant,

g/kg NA 3.1 10.4 3.9 19.3 3.8 19.6 16.4

Total
Dosage

g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH NA 12.19 12.75 2.45 2.18 2.40 2.18 NA

TOD, g/kg NA 39.2 55.9 37.9 50.7 38.1 51.7 11.5

Residual
Oxidant,

g/kg NA 6.8 36.1 8.1 41.3 7.9 40.3 11.5

As, mg/L <0.30 0.94 1.14 <0.30 <0.30 <0.30 <0.30 <3.0

Day49

Cr (total),
mg/L <0.050 0.92 1.94 0.36 1.07 0.34 0.66 3.50

Cu, mg/L <0.050 0.060 0.073 1.44 2.92 1.60 2.52 1.14

Pb, mg/L <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 0.31 <3.0

DRO,
mg/kg 12,000 11,000 12,000 11,000 8,600 13,000 8,000 15,000

DRO, %
Reduction - 8% 0% 8% 28% -8% 33% -25%

PCP,
mg/kg 190 5.8 4.8 110 150 80 48 58

PCP, %
Reduction 97% 97% 42% 21% 58% 75% 69%

Total
Dosage

g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH 6.30 10.64 12.90 2.47 2.38 2.42 2.29 8.96
Day 78

TOD, g/kg NA 38.7 52.7 37.4 47.9 37.4 47.5 >23.0

Residual
Oxidant,

g/kg NA 7.3 39.3 8.6 44.1 8.6 44.5 0.0
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Table 12 (Cont.).
Effectiveness Testing Round 1 - Analytical Data for Sample SB-D: 30-33

SB-D: 30-33

Test Day Test/Units Control
Alkaline

Persulfate
Peroxide
Persulfate

Iron
Persulfate Permanganate

Total
Dosage

g/kg NA 69.0 115.0 69.0 115.0 69.0 115.0 69.0

PH NA 12.87 13.13 2.43 2.33 2.35 2.27 8.89

TOD, glkg NA 58.5 59.5 56.6 52.3 56.8 52.7 39.1
Residual
Oxidant,

g/kg NA 10.5 55.5 12.4 62.7 12.2 62.3 29.9

As, mg/L <0.30 0.80 0.90 <0.30 <0.30 <0.30 <0.30 0.33

Day 102

Cr (total),
mgIL <0.050 0.90 1.17 1.04 1.64 0.81 1.26 2.23

Cu, mg/I, <0.050 <0.050 <0.05 2.21 2.87 2.10 2.61 <0.050

Pb, mg/L <0.30 <0.30 <0.30 <0.30 0.41 <0.30 <0.30 0.93

DRO,
mg/kg 13,000 9,700 13,000 11,000 5,200 8,200 5,000 6,400

DRO, %
Reduction 25% 0% 15% 60% 37% 62% 51%

PCP,
mg/kg 130 4.6 <3.8 51 27 63 30 31

PCP, %
Reduction 96% >97% 61% 79% 52% 77% 76%
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TOD results between activated persulfate chemistries were consistent throughout the study.
Comparing the three activated persulfate chemistries at the same dosage shows alkaline
activated persulfate TOD to be slightly higher than peroxide and iron activated persulfate.
For example, at Day 22, sample SB-A: 24-27, 43.8 g/kg persulfate dosage found a TOD of
alkaline persulfate of 36.6 g/kg, 27.5 g/kg for peroxide persulfate and 27.5 for iron
persulfate (Table 11). A slightly higher alkaline activated persulfate was observed for all
SB-A: 24-27 test days and dosage levels. Sample SB-D: 30-33 showed consistent TOD
results for peroxide and iron activated persulfate. Alkaline activated persulfate , also
showed a slightly higher TOD at each test day and dosage when compared to peroxide and
iron activated persulfate (Table 12).

Higher TOD results were observed with higher persulfate dosages. This was found for
each sample and every dosage (Tables 11 and 12). This is a typically observed with
persulfate.

A majority of permanganate was used within 49 days for sample SB-A: 24-27 (Table 11).
Permanganate was dosed at 43.8 g/kg sodium permanganate and after 49 days, the TOD
was 41.3 g/kg (2.5 g/kg residual). Sample SB-D: 30-33 was dosed at 23 glkg sodium
permanganate and all of the permanganate was spent after 78 days (Table 12).

The pH levels were in excess of 10.5 for all alkaline activated persulfate dosages except
Day 22 for sample SB-D: 30-33, 23 glkg dosage (Table 12). The pH was 10.30, which is
not unexpected since most of the persulfate was used and the formation of sulfuric acid
almost complete. Therefore, neutralizing most of the NaOH added. Peroxide and iron
activated persulfate each showed pH levels of 3.50 or less throughout the study (Tables 11
and 12). As discussed earlier, this was anticipated due to the large persulfate dosages and
subsequent large amount of sulfuric acid formed.

Dissolved metals analysis was conducted at Day 49 and 102. Alkaline activated persulfate
showed increased arsenic and chromium concentrations for samples SB-A: 24-27 and SB-
D: 30-33 when compared to their respective control (Tables 11 and 12). While peroxide
and iron activated persulfate showed no arsenic mobilization in either sample. Chromium
and copper concentrations were higher in the peroxide and iron activation with no
mobilization of copper in alkaline activation (Tables 11 and 12). Permanganate showed no
mobilization of arsenic and lead while chromium and copper was observed in samples SB-
A: 24-27 and SB-D: 30-33 (Tables 11 and 12). Depending on the chemistry and dosage,
metal mobilization was observed.

Persulfate dosages where based on stoichiometric demand of the samples. Stoichiometric
calculations showed the majority of the demand is from DRO (Table 7). Samples were
treated at 25% (175 g persulfate/kg soil) and 50% (350 g persulfate/kg soil) of total
stoichiometric demand for sample SB-A: 24-27. For sample SB-D: 30-33, 37% (69 g
persulfate/kg soil) and 62% (115 g persulfate/kg soil) was applied. A total permanganate
dosage of 87.6 g sodium permanganate/kg soil was added to sample SB-A: 24-27 and 69.0
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g sodium permanganate/kg soil to sample SB-D: 30-33. A breakdown of oxidant and
activator added for each application is shown in Table 10.

DRO and PCP testing was conducted on Day 49 and 102. Total activated persulfate
dosages at Day 49 for sample SB-A: 24-27 were 87.5 g persulfate/kg soil (12% of total
stoichiometric requirement) and 175 g persulfate/kg soil (25% of total stoichiometric
requirement). At day 102, sample SB-A: 24-27 received 175 g/kg persulfate (25% of total
stoichiometric requirement) and 350 g/kg persulfate (50% of total stoichiometric
requirement). Sodium permanganate dosages for sample SB-A: 24-27 was 43.8 glkg at
Day 49 and 87.6 g/kg at day 102.

Total activated persulfate dosages at Day 49 for sample SB-D: 30-33 were 46.0 g
persulfate/kg soil (25% of total stoichiometric requirement) and 92.0 g persulfate/kg soil
(50% of total stoichiometric requirement). By day 102, sample SB-D: 30-33 had received
69.0 g/kg persulfate (37% of total stoichiometric requirement) and 115 g/kg persulfate
(62% of total stoichiometric requirement).

Sodium permanganate dosages for sample SB-D: 30-33 were 23 g/kg at Day 49 and 69.0
g/kg at day 102.

Comparing the control to the treated samples shows some variability in DRO concentration
reduction for samples SB-A: 24-27 and SB-D: 30-33. No significant reduction in DRO
concentration was observed for sample SB-A: 24-27 (Table 11) and SB-D: 30-33 (Table
12) at Day 49 regardless of oxidant and dosage. Although some dosages and oxidant
showed a reduction in DRO levels, there is enough variability in the data not to show
equivocally a net reduction. Data from Day 102 shows no significant difference between
the control and persulfate treated SB-A: 24-27 samples (Table 11). Sample SB-D: 30-33
peroxide and iron activated persulfate treatments dosages suggest a slight reduction in
DRO concentrations (Table 12). No apparent DRO reduction was observed with alkaline
activation in sample SB-D: 30-33. A permanganate dosage of 69.0 g sodium permanganate
/kg soil did show a reduction in DRO when compared to the control, but based on the
ineffectiveness of permanganate to mineralize petroleum hydrocarbons, the perceived
reduction is attributed to variability.

Based on the DRO data, TOD, and residual oxidant, activated persulfate does not appear
effective in lowering DRO concentrations when dosages as high at 62% of the sample
stoichiometric demand are tested.

Significant PCP concentration reduction was observed with all activated persulfate
chemistries and permanganate. PCP concentration in the control SB-A: 24-27 at Day 49
was 45 mg/kg. Alkaline persulfate treatment at 87.5 and 175 g persulfate/kg soil found
PCP concentrations of 3.6 mg/kg and 2.2 mg/kg, respectively (Table 11). These dosages
correlate to 12% and 25% of the total stoichiometric requirement. Peroxide and iron
activated persulfate also showed significant PCP reductions at Day 49 (Table 11).

Ursus Remediation Testing &fechnologies. 1,1 i
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Peroxide activation found 14 mg/kg PCP at the 87.5 g persulfate/kg soil dosage and 12
mg/kg PCP at the 175 g persulfate/kg soil. Iron activated persulfate found similar results to
the peroxide activated persulfate. At the 87.5 g persulfate/kg soil dosage, 11 mg/kg PCP
was reported and 13 mg/kg PCP at the 175 g persulfate/kg soil dosage. Permanganate also
effectively reduced the PCP concentration. At a permanganate dosage of 43.8 g sodium
permanganate/kg soil, 4.8 mg/kg PCP was reported (Table 11).

At Day 102 and persulfate dosages of 175 and 350 g persulfate/kg soil, significant PCP was
observed. Comparing the control SB-A: 24-27 PCP concentration of 31 mg/kg to the
persulfate activated treatments found alkaline activated persulfate PCP concentration below
detection limit for both dosages (Table 11). Peroxide activation found 7.3 mg/kg PCP at
the 175 g persulfate/kg soil dosage and 7.4 mg/kg PCP at the 350 g persulfate/kg soil. Iron
activated persulfate found similar results to the peroxide activated persulfate. Peroxide
activated persulfate found 7.3 mg/kg PCP at the 175 g persulfate/kg soil dosage and 7.4
mg/kg PCP at the 350 g persulfate/kg soil dosage. Iron activated persulfate found 8.6
mg/kg PCP at the 175 g persulfate/kg soil dosage and 11 mg/kg PCP at the 350 g
persulfatelkg soil dosage. At a permanganate dosage of 87.6 g sodium permanganate/kg
soil, <3.3 mg/kg PCP was reported (Table 11). A comparison between the Day 49 175 g
persulfate/kg soil dosage to Day 102 175 g persulfate/kg soil dosage can be made.
Comparing the data shows Day 49 175 g persulfate/kg soil dosage PCP concentration of
2.2 mg/L and Day 102 175 g persulfate/kg soil dosage PCP concentration of <4.7 mg/kg.
Essentially, the majority of the PCP is treated. This data would suggest that the alkaline
persulfate PCP reaction is complete within 49 days at the dosages applied. Comparing the
peroxide and iron activated PCP data for the same dosage and days may not suggest a
complete reaction (Table 11).

Effective PCP treatment was also found in Sample SB-D: 30-33 when treated with
activated persulfate and permanganate. The SB-D: 30-33 control concentration of 190
mg/kg PCP is roughly four times higher than the SB-A: 24-27 sample and the dosage levels
applied in SB-D: 30-33 are less than that applied for SB-A: 24-27. Although the PCP
concentration is higher and the treatment dosages lower, significant PCP reduction was
observed at Day 49 and Day 102. Alkaline persulfate treatment at 46 and 92 g
persulfate/kg soil found PCP concentrations of 5.8 mg/kg and 4.8 mg/kg, respectively
(Table 12). These dosages correlate to 25% and 50% of the total stoichiometric
requirement. Peroxide and iron activated persulfate also showed PCP reductions at Day
49, although iron activation appears to be more effective than peroxide activated (Table
12). Peroxide activation found 110 mg/kg PCP at the 46 g persulfate/kg soil dosage and
150 mg/kg PCP at the 92 g persulfate/kg soil. Iron activated persulfate found lower results
to the peroxide activated persulfate. At the 46 g persulfate/kg soil dosage, 80 mg/kg PCP
was reported and 48 mg/kg PCP at the 92 g persulfate/kg soil dosage. Permanganate also
effectively reduced the PCP concentration. At a permanganate dosage of 23 g sodium
permanganate/kg soil, 58 mg/kg PCP was reported (Table 12).

Ursus Remediation Testing &Technologies, I I I

i

200 E Lincoln Street, Mount Horeb, W153572 (608)437-7413

	

Page 20 of 58



AMEC Environment & Infrastructure
October 28, 2014

[1 JH Baxter - Arlington, WA

At Day 102 and persulfate dosages of 69 and 115 g persulfate/kg soil, significant PCP was
observed. Comparing the control SB-A: 24-27 PCP concentration of 130 mg/kg to the
persulfate activated treatments found alkaline activated persulfate PCP concentration of 4.6
mg/kg for the 69 g persulfate/g soil dosage and <3.8 mg/kg PCP for the 115 g persulfate/kg
soil dosage (Table 12). Peroxide activation found 51 mg/kg PCP at the 69 g persulfate/kg
soil dosage and 27 mg/kg PCP at the 115 g persulfate/kg soil. Iron activated persulfate
found similar results to the peroxide activated persulfate. Iron activated persulfate found
63 mg/kg PCP at the 69 g persulfate/kg soil dosage and 30 mg/kg PCP at the 115 g
persulfate/kg soil dosage. At a permanganate dosage of 69 g sodium permanganate/kg soil,
31 mg/kg PCP was reported (Table 12).

Based on this study, a 97% PCP reduction or greater can be achieved with alkaline
activated persulfate. An alkaline activated dosage rate as low as 87.5 g persulfate/kg soil
reduced the PCP concentration to 3.6 mg/kg PCP in SB-A: 24-27. An alkaline activated
persulfate dosage of 46 g persulfate/kg reduced PCP to 3.6 mg/kg in SB-D: 30-33. Higher
dosages and longer reaction times did not significantly improve the performance of alkaline
activate persulfate. Peroxide and iron activated persulfate also reduced PCP concentrations
but not as effectively as alkaline activated persulfate. Residual persulfate was found at
each dosage and each test date. The residual persulfate concentration was dependent on the
dosage applied and/or the date analyzed. In general, higher residual persulfate
concentrations were observed with higher dosages. Significant reduction in PCP
concentrations was observed within 49 days. Additional persulfate and longer reaction
times resulted in higher persulfate demands but no additional significant reduction of PCP.
This would suggest that kinetics of the PCP alkaline persulfate reaction is faster than the
reaction of persulfate with other compounds in the soil and groundwater. Therefore, lower
dosages and shorter reactions times can be applied which will decrease field
implementation and lower oxidant costs.

Permanganate was effective in reducing PCP concentrations at 87.6 g sodium
permanganate/kg soil.

Effectiveness Testing Round 2 (49 Day Treatment - June 26 - August 14, 2014)

Round 1 testing showed alkaline activated persulfate to be more effective in reducing PCP
concentrations than either peroxide activated persulfate, iron activated persulfate and
permanganate. Round 1 testing at 49 days found alkaline activated persulfate significantly
reduced PCP concentrations and found measurable concentrations of residual persulfate -
suggesting that a shorter reaction time and lower persulfate dosage is feasible.. A second
round of testing was conducted where the alkaline activated persulfate dosages were
reduced with a treatment period of 49 days.

Round I testing showed alkaline activated persulfate dosages of up to 46.0 g persulfate/kg
reduced PCP concentration of greater than 97% within 49 days and had measureable
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residual persulfate. Round 2 testing was conducted with alkaline activated persulfate at
doses lower than 46.0 g persulfate/kg soil.

Alkaline activated persulfate dosages of 8 g persulfate/kg , 16 g persulfate/kg, and 23 g
persulfate/kg soil where allowed to react for 49 days for samples SB-A: 24-27 and SB-D:
30-33 in Round 2. Dosages for each sample are shown in Table 13, including the sodium
hydroxide dosages required to maintain a pH of > 10.5. After 49 days, the samples were
analyzed for residual persulfate, pH, PCP and DRO. Results for sample SB-A: 24-27 are
shown in Table 14 and Table 15 for SB-D: 30-33.

Table 13.
Effectiveness Testing Round 2 - Oxidant Dosage Application

Application Chemical/Dosage SB-A: 24-27 SB-D: 30-33

Application -
6/26/2014 (Day 1)

Persulfate Dosage,
g/kg 8.0 16.0 23.0 8.0 16.0 23.0

NaOH Dosage,
g/kg 4.2 7.0 9.5 5.3 8.1 10.6

Table 14.
Effectiveness Testing Round 2 - Analytical Data for Sample SB-A: 24-27

SB-A: 24-27 (Day 49)

Sample 1D Control AlkalinePersulfate

Dosage g/kg NA DUP 8.0
8.0

DUP 16.0
16.0
DUP 23.0

23.0
DUP

pH NA NA 9.28 NA
-

9.34 NA 9.59 NA
TOD, g/kg NA NA 6.8 NA 13.8 NA 19.8 NA

Residual
Oxidant, g/kg NA NA 1.2 NA 2.2 NA 3.2 NA
DRO, mg/kg 10,000 NA 9,800 NA 8,900 NA 11,000 NA

DRO, %
Reduction - 2% NA 11% NA -10% NA

PCP, mg/kg 19 9.9 7.4 7.5 6.2 8.2 8.4 7.7

PCP, %
Reduction - 49% 48% 57% 43% 42% 47%
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Table 15.
Effectiveness Testing Round 2 - Analytical Data for Sample SB-D: 30-33

SB-D: 30-33 (Day 49)
Sample ID Control AlkalinePersulfate

Dosage g/kg NA DUP 8.0
8.0

DUP 16.0
16.0
DUP 23.0

23.0
DUP

pH NA NA 10.30 NA 10.02 NA 10.11 NA

TOD, g/kg NA NA > 8 NA 15.0

_

NA

_

20.8 NA

Residual
Oxidant, g/kg NA NA ND NA 1.0 NA 2.2 NA

DRO, mg/kg 12,000 NA 14,000 NA 14,000 NA 15,000 NA

DRO, %
Reduction -17% NA -17% NA -25% NA

PCP, mg/kg 18 22 26 26 20 6.2 9.0 6.3

PCP, %
Reduction -30% -30% 0% 69% 55% 69%

The pH for each sample and dosage was slightly lower than the target pH of > 10.5.
Although, most if not all of the persulfate was spent in the samples, therefore the pH was
expected to be lower. As found in Round 1 testing, the higher the persulfate dosage the
higher the TOD result. At 49 days post treatment, little if any persulfate remained in the
samples regardless of dosage.

The DRO Control concentration for sample SB-A: 24-27 was 10,000 mg/kg (Table 14). This
is slightly higher than the control at 49 days in Round 1 for the same sample (7,200
mg/kg). DRO concentration for sample SB-D: 30-33 control was identical for Round 1 and
Round 2 testing of 12,000 mg/kg DRO (Table 12 and Table 15). No apparent reduction in DRO
concentrations was observed in either SB-A: 24-27 or SB-D: 30-33 at the dosages tested in Round
2. This is consistent with Round 1 testing where there was not conclusive evidence for DRO
reduction.

Control PCP concentrations were lower in Round 2 than Round 1 for both samples. Sample SB-A:
24-27 Round 1 control sample at 49 days found a PCP concentration of 45 mg/kg (Table 11) and a
Round 2 control concentration of 19 mg/kg and 9.9 mg/kg in the sample duplicate (Table 14). SB-
D: 30-33 showed significantly lower concentrations in the Round 2 control than the Round I
control. Round 2 control found 18 mg/kg PCP in the sample and 18 mg/kg in the sample duplicate
(Table 15). Round 1 control had found 190 mg/kg PCP (Table 12). The SB-D: 30-33 control
sample was re-extracted and reanalyzed to confirm the PCP concentration. A reanalysis result of
22 mg/kg PCP was found (reanalysis data not shown in Table 14). Unlike the DRO concentrations
which found consistency between rounds, PCP concentrations were lower in Round 2 controls than
in Round 1 controls. Round 2 sub-samples were taken from a different sample jar than the soil
used in Round 1 testing. Variability within the sample jars may explain the differences observed
between Round 1 and Round 2 PCP concentrations.
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PCP reduction was not as evident in Round 2 testing as Round 1 testing. This was anticipated since
the objective was to lower persulfate dosages with the goal of obtaining a minimum dosage that can
significantly reduce PCP concentrations. Round 1 found PCP reductions of greater than 97% for
both samples while Round 2 varied between 42 to 57% reduction for sample SB-A: 24-27 and 0 to
69% reduction for sample SB-D: 30-33. For sample SB-A: 24-27, no significant difference was
observed between the each dosage tested and the control (Table 14). The 8 g persulfate/kg dosage
performed as well as the 16 g persulfate/kg and 23 g persulfate/kg sample. Sample SB-D: 30-33
did show an effectiveness difference between dosages (Table 15). The 8 g persulfate/kg dosage and
one of the 16 g persulfate/kg results showed no PCP reduction. In fact, the reported results were
higher than the control value. The 23 g persulfate/kg dosage found a 55 and 69% reduction in PCP
levels.

SUMMARY/DISCUSSION

Alkaline, peroxide, and iron activated sodium persulfate, and permanganate chemistries
were tested to measure reductions of DRO and PCP concentrations in soil and groundwater
slurries. The objective was to lower PCP levels.

TOD testing was conducted prior to effectiveness testing to determine the demand for the
chemistries and to assist in defining dosages for effectiveness testing. The TOD found
inconclusive data to set the effectiveness dosages. Therefore, Round 1 dosages where
based on calculations to estimate potential stoichiometric demand due to DRO.

Round leffectiveness testing was performed on the two slurry samples using the defined
oxidants. A 97% PCP reduction or greater can be achieved with alkaline activated
persulfate in the doses employed during Round 1. An alkaline activated dosage rate as low
as 43.8 g persulfate/kg soil reduced the PCP concentration to 3.6 mg/kg PCP in SB-A: 24-
27 at 49 days treatment. An alkaline activated persulfate dosage of 46 g persulfate/kg
reduced PCP to 4.8 mg/kg in SB-D: 30-33 at 49 days treatment. In both cases, significant
amounts of residual persulfate remained during Round 1. Higher dosages and longer
reactive times did not significantly improve the performance of alkaline activate persulfate.
Peroxide and iron activated persulfate also reduced PCP concentrations but not as
effectively as alkaline activated persulfate. Permanganate was effective in reducing PCP
concentrations at 87.6 g sodium permanganate/kg soil.

During Round 2 effectiveness testing, lower persulfate dosages where tested to measure the
limits of PCP treatment effectiveness. Dosages of 8 g persulfate/kg, 16 g persulfate/kg,
and 23 g persulfate/kg found lower treatment effectiveness than dosages near 45 g
persulfate/kg. PCP concentration reduction of up to 69% was achieved within 49 days with
no significant residual persulfate remaining at the Round 2 dosages.

Dosages where based on stoichiometric demand of DRO, residual hydrocarbons, and PCP
concentrations. Stoichiometric calculations found most of the demand from DRO. It was
assumed that persulfate would react with DRO, residual hydrocarbons, and PCP equally.
This study found significant reduction in PCP concentrations while little if any reduction in
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DRO concentrations. This shows alkaline persulfate is preferentially treating PCP over
DRO and residual hydrocarbons.
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Andrew Wenzel
Principal
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APPENDIX A - CT Laboratory Analytical Report
Round 1 Data Set 1
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012772014

CT LAB Sample. 417120 Sample Description: SS-D-30-33 CONTROL

	

Sampled: 01101312014 1 300

LODResult Units LOQ Dilution

	

QualifierAnalyte Prep
Date/Time

Analysis Analyst

	

Method
DateRlm e

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics 12000

	

mglkg 510

	

1700

	

10

Pentachbraphenol

	

190

	

mglkg

	

13

	

45

	

20

CT LAB Sample. 417130 Sample Description SS-D-30-35 ALK PERS 4B

011212014 08:50 BMS EPA 60000

M 0110912014 14:W 01232014 21:02 JP' EPA 9015C

011092014 14:00 011132014 18:16 RPN EPA 8270D

Sampled 01!06/20141300 1
Analyte

	

Result

	

Units

	

LOD

	

LOQ

	

Dilution

Inorganic Results

Solids, Pernent 68.9

	

%

Organic Results

Diesel Range Organics 11000

	

mg/kg

	

520

	

1700

	

10

Pentachlorophenol

	

5.8

	

mg/kg

	

3.5 •

	

12

	

5

Qualifier Prep
Datelrlme

Analysis

	

Analyst
Date1Tim e

Method

01/21/2014 08:50 8MS EPA B000C

011091201414:00 0112312014 11:30 JJV EPA 80150

011D912014 14:03 01117/2014 11;29 RPN EPA 62700

Solid sanpte results reported on a Dry Weight Basis
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CT LAB Sampled 447131 Sample Description SB•D30.33 ALK PERS B2

	

Sampled. 0110612014 13CO

Prep
Datel7ime

Analysis Analyst

	

Method
DateRime

LOGResult Units LOO Dilution

	

QualifierAnalyze

540

	

1800

	

10

inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

66.7

	

%

12000

	

mgtkg

0112112014 0&50 BMS EPA 8000C

010912014 14:C0 0112312014 1203 JJY EPA B015C

Pentachtoraphenoi

	

4.8

	

mglkg

	

1.4

	

4.8

	

2

	

0110912014 14:00 01117/2014 11:48 RPN EPA 92700

CT LAB Sampled: 417132 Sample Description: SB-D-30-33 H202 PERS 46

	

Sampled: 0110612014 1 300

Prep
Date/Time

Analysis Analyst

	

Method
DatelTim e

LOD Dilution

	

QualifierResult Units LOOAnalyse

510

	

1700

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Ranee Oreanes

69.3

	

%

11000

	

nlgdtg

01212014 0850 BMS EPA8000C

01 /09/201 4 14:C0 01123/2014 123B JJY EPA8015C

Pentachloropherpl

	

110

	

17

	

58

	

25

	

010912014 14.00 011172014 1052 RPN EPA 82700

CT LAB Sampled. 417133 Sample Description: SB-D-30-33 H202 PERS 92

	

Sampled: 0110&20141300

Prep
Date0Tlme

Analysis Analyst

	

Method
DatelTime

L0D Dilution

	

QualifierResult Units LooAnalyse

Inorganic Results

Solids, Percent 67.7

	

It 0.1

	

0.1

	

1 0112112014 08:50 BMS EPA 8000C

Organic Results

Solid sample results reported on a Dry Weight Basis

?rsus Remediation Testing & Technologies, LLC

Page 28 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LA BORfl TORILS
0000

	

0a,us ,n,i 77001,0 0,0

	

. :00 .000000 +01	sd'0..,a- ,

URSUS REMEDIATION TESTING & T£

Project Name. AMEC - Jl4 BAXTER
Prc ect#
Pmlect Pease.

Contect# 2085
raider 0-7 I
Page 3 of8

CT LAB Sampe#: 417133 Sample Descephon: S8-D-30-33 H202 PERS 82

	

Sampled. 011081 2014 1300

Prep
Date/Time

Analysis Analyst

	

Method
Date/Time

LODResult units LOQ Dilution

	

QualifierAnalyte

Diesel Range Organics

	

8600

	

ngrkg

	

530

	

1700

	

10

	

0110902014 14 00 0112312014 13:08 JJY EPA 80150

Pcntachlorophenol

	

150

	

nnci4cg

	

7.1

	

24

	

10

	

01 10912014 14'00 61/132014 2108 RPN EPA 8270D

CT LAB Sample2 417134 Sample Description: SB-D-30-33 FE PERS 46

	

Sampled: 0113512014 1300
	 i

Prep
DatefTime

Analysis Analyst

	

Method
Date/Tlme

LOD Dilution

	

QualifierResult Units LOQAnalyte

520

	

1700

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

68.8

	

%

13000

	

mglkg

01212014 08:50 BMS EPA 90000

011091201414:00 011232014 13:42 JJV EPA 8015C

Penmchiorophenol

	

00

	

5.9

	

23

	

10

	

011091201414:00 011132014 2232 RPN EPA8270D

CT LAB Sample* . 417135 Sample Description SB-D-30-33 FE PERS 92

	

Sampled 0110&20141300

Prep
DatelTime

Analysis Analyst

	

Method
Datertim a

LODResult Units LOQ Dilution

	

QualifierAnalyse

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

68.8

	

%

8000

	

rn911tg

	

520

	

1700

	

10

01121/2014 08:50 BMS EPA B000C

0110912014 147 00 0112312014 14:18 JJY EPA B015C

01/09/201414:00 0111312014 20:34 RPN EPA8270DPen>achlorophenol

	

48

	

mglkg

	

3.5

	

12

	

5

Solid sample results reported on a Dry Weight Basis

' 'i ,s11p I

	

ediation Testier: cC Tc0hnnlniie5_ 11 "

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-74[3
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

cT

	

BOR TOR1E
IJRSUS REMEDIAT'ON TESTING & TE
Project Name: AMEC - JH BAXTER
Project 0
Project Phase:

Contact * 2009
Folded: 10209ti
Pegs 4ore

CT LAB Sample: 417136 Sarre* Description. SB-D-30. 93 PERM 23 Sampled 0100612014 1300 1
Prep

DateTime
Analysis Analyst

	

Method
DateiTlme

LOD OlluOon

	

QualifierResult Units LOOAnalyse

510

	

1700

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

70.3

	

%

15000

	

r glkg

01121/2014 08&50 EMS EPA 8000C

011091201 4 14:00 0112312014 14:40 JJY EPA 8015C

Penhchlorophenol

	

5E

	

13

	

45

	

20

	

01109201 4 14W 01!1712014 11:10 RPN EPA 82700

CT LAB Sample: 417137 Sample Description: SB-A-24-27 CONTROL

	

Sampled 01106120141300

Prep
Daterrlme

Analysis Analyst

	

Method
DateTlme

LOD Diluton

	

QualifierResult Units LOOAcolyte

500

	

1600

	

10

Inorganic Results

Soli* Percent

Organic Results

Diesel Range Organics

72.7

	

%

7200

	

mgrkg

01121/2014 OB:50 BMS EPA 80000

0110912014 14:00

	

01123/2014 15:23 JJY EPA 80150

Penlachiorephenol

	

45

	

mg5g

	

6.5

	

22

	

10

	

M

	

0 1 10012171 4 14:00 0111712014 1227 RPN EPA 8270D

CT LAB Sample* , 417138 Sample Description: SBA-2427 ALK PERS 87.5

	

Sampled. 0110&201A 1300

Analysis Analyst

	

MethodPrep
DataiTlme Dater TIM a

LOD Dilution

	

QualifierResult Units LOOAnalyse

Inorganic Results

Soles, Percent 69.2

	

% 011210014 08:50 BMS EPA 8000C

Organic Results

Solid sample results reported on a Dry Weight Bass

I Irsus Remediation Testing it Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T EABORFl TORIE
URSUS REMEDIATION TESTING & TE
Project Name AMEC - JH BAXTER
Project #
Prgacr Press

Contract* 2069
Folder#- 102095
Page5or8

i CT LAB Sample4 : 417138 Sank Description: SB.A 24.27 ALK PEPS 87.5

Analyte Result Units LOD LOQ Dilution Qualifier Prep
DaterTime

Diesel Range Organics

Pentachlorophenol

9200

3-6

mglkg

rn9lkg

520

0.69

1700

23

10 011091201414:00

01X}91201414-00

I CT LAB Sample. 417139 Sample Description: SB-A.24-27 ALK PERS 175

Analyse Result Units LOD LOO Dilution Qualifier Prep
DatelTime

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Pentachlorophenol

65.7

11000

2.2

%

mdikg

mglkg

0.1

540

074

0.1

1800

2.5

10 01X]91201414:00

0110912014 14:00

CT LAB Sample- 417140 Sample Description. SG-A-24-27 H202 PERS 87 5

Analyse Result Units LOD LOQ Dilution

	

Qualifier Prep
DatefTime

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Pentachiorophenol

75.9

7600

14

%

mrg/kg

mg/kg

D.1

470

8.3

0.1

1500

21

10

10

01X191201414:00

0110912014 14:00

Samrokd. 01/06(2014 1300

Analysis Analyst

	

Method
DatefTlme

0112312014 15:56 JJY EPA 80150

0111312014 15:10 RPN EPA82700

Sampled: 01100120141300

Analysis Analyst

	

Method
Datellime

0112112014 08.50 BMS EPA 8000C

0112312014 18/30 JJY EPA 8015C

0111312014 14:50 RPN EPA 82700

Sampled 01105120141300

Analysis Analyst

	

Method
Date/Time

01/2112014 08:50 BMS EPA BOOOC

01123/2014 18:12 JJY EPA 8015C

01/1712014 1209 RPN EPA 8270D

Page 31 of 58

Solid sample results reported on a Dry Weight Basis

(irsus Rertrediation'restini. & Technnln!2ies, I

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
Ill Baxter - Arlington, WA

(T LABORATORIES
Cl, rr,,..

	

o,. r..

URSUS REMEDIAV-ON TESTING d TE

Project Name' AMEC - JH BAXTER

Prgxi #

Prof act Prose'

Contract* 2089

Polder* 102085

Page 6of8

CT LAB SampieVk 417141 Sample Description: SB-A-24-27 H202 PERS 175 Sampled 0153612014 1300 {

Prep
DateRlme

Analysis Analyst

	

Method
Date/Time

LOD Dilution

	

QualifierResult Units LOOAnalyte

480

	

1600

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

74.4

	

%

6200

	

m 15g

0112112014 08:50 BMS EPA 80000

01109201414'00 0112312014 1646 JJY EPA 80160

Penlachbrophencl

	

12

	

mgrkg

	

1.3

	

4.3

	

2

	

0110912014 14:00

	

0111312014 1801 RPN EPA B270D

CT LAB Sample4 417142 Sample Description: SB-A-24-27 FE PERS 87.5

Analyte Result Units LOD

Inorganic Results

Bolds, Percent 70.8 % 0.1

Organic Results

Diesel Range Organics 6100 m5410 510

Pentachlcrophenol 11 rng 5g 1.4

CT LAB Sample* 417143 Sample Description, SB-A-24-27 FE PERS 175

Analyte Result Units LOD

inorganic Results

Solids. Percent 70.5 % 0.1

Organic Results

Sampled: 01106/2014 1300

Samna* 011062014 1300

LOO Dilution

	

Qualifier Prep Analysis Analyst

	

Method
DatelTlme

	

etefTime

0.1

	

1 01/X12014 0E50 BMS EPA 80000

Prep
Oaten lme

Analysts Analyst

	

Method
DatelTlme

0112112014 08:50 BMS EPA 80000

011091,1014 14:00 01123./2014 1920 JJY EPA 80150

G110912014 14:00 0111312014 1924 RPN EPA 8270D

LOCI Dilution

	

Qualifier

0.1

1700

	

10

24.8

Solid sample mutts warted on a Dry Weight Basis

1 Jrsus Remediation Testing & Technologies, LLC

Page 32 of 58200 E Lincoln Street, Mount Horeb, WI53572 (608)-437-7413
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JH Baxter - Arlington, WA

[T LABORflTORIES'1--, , 	 nn .- •l, ^.! -'nh) tmm

URSUS REMEDIATION TESTING &T£

Project Name' AMEC - JH BAXTER

Pratoct#

Project Phase-

Contract 8- 2092

Felder A' 102095

Page 7 of 8

CT LAB SampleN 417143 Sample Description: SB.A-24-27 FE PERS 175

	

Sarno led 01106 2014 1300

Prep
DateMme

Analysis Analyst

	

Method
Oaten-1me

LODResult units LOQ Dilution

	

QualifierAnalyte

Diesel Range Organics

	

8100

	

mglkg

	

510

	

1700

	

10

	

011081201414:00 0112312014 1954 JJY EPA8015C

Pentechldrophenol

	

13

	

mgrk9

	

1.4

	

45

	

2

	

01 1181201 4 1 4:00 0111312014 1947 RPN EPA 8270D

CT LAB Sample# 417144 Sample Descriptor' SR-A-24-27 FE PERM 23

	

Sampled 01106'20141300

Prep
Datsrrlme

Analysis Analyst

	

Method
DaiefTime

LODResult Units LOQAnalyte Dilution

	

qualifier

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

77.4

	

It

7200

	

mgr kg

	

460

	

1500

	

10

0112112014 08:50 BMS EPA 80000

01 10 91201 4 14:00 0112312014 2028 JJV EPA 80150

Pentachlorophencl

	

4.8

	

mg/kg

	

1-2

	

4.1

	

2

	

011097201414:00 0111311014 2010 RPN EPA8270D

Solid sample results reported on a Dry Weight Basis

I Iran Remediatinn Tcstinc R TcchnnlnEzieI, 1.!f

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Gentian*: 2089
Folder 4: 102095
Page 8 of8CT LflBORflTORI(S

Han f5- ,m 4 nr:r ^^rn r.,_nrncann_71 annfysen

URSUS REMEDIATION TESTING d TE
Protect Name: AMEC- JH BAXTER
Project #:
Project Phase:

Notes: Indicates Value in beMeen the LOD Orr* of detection) and the LOC (Brit of

All canplea Were tecetved intact and properly preserved unless otheiWse noted, The resets reported rotate only to the samples tested. This report shat not be
reproduced, except in full, without written approval of this laboratory. The Chain of Custody is attached.

QC Qualifiers

Code Description Current CT Laboratories CertificationsB Analyte detected in the associated Method Blank. Illinois NELAP ID# 002413
C Toxicity present in BOD sample. Kansas NELAP lD# E-10366
D Diluted Out. Kenticky I D# 0023
E Safe, No Total Coliform detected

Pennsylvania NELAP ID# 68-04201
F Unsafe. Total Coliform detected, no E. Coll detected.

New Jersey NELAP ID# WI001O
N

Unsafe, Total Coliform detected and E. Coh detected.
Holding time exceeded. North Carolina ID# 874

J Estimated value. Wisconsin (WDNR) Chemistry ID# 157066030
L Significant peaks were detected outside the chromatographic setndow. Wisconsin (DATCP) Bacteriology ID# 105-289
M Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits. DOD-ELAP A2LA Cert it 3317.013
N Insufficient BOO oxygen depletion. Alaska ID it UST-099
O Complete BOD oxygen depletion. Louisiana ID # 115843
P Concentration of analyte differs more than 40% between primary and confirmation analysis.

Virginia ID# 460203
O
R

Laboratory control Sample outside acceptance tim€ts.
See Narrative at end of report. ISO1IEC 17025-2005 A2LA Cert # 3317.01

S Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EPD Stipulation ID 115843, Expires Annually
T Sample received with improper preservation or temperature.
U Analyte concentration was below detection limit.
V Raised Ouantitation or Reporting Limit due to limited sample amount or dilution for matrix background interference.
W Sample amount received was below program minimum.
% Analyte exceeded calibration range.
Y Replicate/Duplicate precision outside acceptance limits.
Z Specified calibration criteria was not met.

IJrsus Remediation Testing & Technologies. LLC

Submitted try'

	

Pat M. Letterer
Project Manager
608-356-2760

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

...wen icwwww.-
Chain of Custody Page	 (	 of

1)

Company Nome View Remedialion Tedttyl dr Teehnolgas Sepd Bamalealo: Lmeratny OM Only

PEOject Contact: Andy Wenzel Address: ZOO Il Lincoln St Um!. Remediation Testing dr Tech Ire heart'

	

(Yes 's

	

No

01'45?
'

	

Cr(y/State/2ip Mount Horeb, WI 53572 Telephone: 600437-7413 2110E Lincoln Street bum* Conditions
(^Project Name: AMEC -pi Baxter Mount Horeb, WI53572 "4

	

'ri

	

N..
' C

	

K

Project Number:

_

NA Pit 606437.7413

Project LccaHan: NA

Sampled Sy: ADW

Preservation'
A.Nmie

9n-MC0
D.11NOa
E.NaOH
FeMetkanol
O ther

Client Sample Collection Method Comments:

i t]
a.

u

8g.

e
Z

1--
Collection Grab/ Semple ID

Uesniption
Filed
Y/N

Lab ID N
Date Time Comp FRl U Spamwith Bottles per Test

1/6/2014 IMO PM Grab SB-D-3433Control N 5 	 ts

1/6/2014 1:00 PM Grab SB-[13b73 AFk Per6,g pAcg N 5 x x I ^ ir1 K h

	

102095 13

1/6/2014 100 PM Grab 5B 0•30.33 A k Pecs 92 Qlkp N 5 x : 1'rnllw0}': l!II S1 'S RF.\1F1^1^1T1(JV 1

	

t

1/6/2014 1.:00 PM Grab SB-D-3033 ti2Q2 Pals 46 91k9 N 5 K n Pt^icct. AMEC _ H RANTER r f 1

1(6/2014 1:OD PM Grab S&OJO.33 M20R Pets 9211tk1_ N 5 x x L?gged By

	

HHK

	

PM 1-

	

PN I 13 3
1/6/2014 190 PM Grab SB-D-3430FePere48^1kg N S x x ............................................ 1314

1/6/2034 7:OO1rM Grab 584)•3033 Fe Pere 92 9Vkp N 5 x x 1 3
1/6/2014 1:1101'M Cnb BB-D•3033 Perm 23 gllc^ N 5 x x E 13 I.
1/6/2014 1:00 PM Grab 5B-A-24-27 CmMrd N S : x

1

137
1/6/2014 1:00 PM Grab SB-A-24 .27 Alk Pew a7.5 gag N 5 x x - Iii
I/6/2014 1110 PM Grab 5&A•24.27 Alk Pen 175 g/ kg N

	

, S x x 13 41
Reli

	

1!Y Date/Time

DIY/i,, /94
Relinquished By, ate/Thee

	

- »MWtx

Sis-Sludse
Mozby
9W-Groundwater

Was ^

atc/Tlme

_

Received by Date/Mow 5W-Reface Water
WW-W rlewaler

k-4-ri K- 'S-33

retie Reinediation Testing & Technolouies, I

I]

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-74] 3
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October 28, 2014
JH Baxter - Arlington, WA

toao ct

X12_
Company Name Drum Ncamdialion Testing 8 TocMalSan Send S -S EIS k LYmxtpq Ums Only

I9eyeyGan.st Andy Weettl

	

Addtep; Z06 L• 1Jnce]In51 Mum Remedialion Testing& Tech

706 E Lincoln Street

Ice Pceeem

	

Yes

	

Ne

^nWe ^andhlorCily/Slateglp M6nnnl Houy 1H153572

	

Tdepleoue: 408.137-7413

Preleel Nerve: AM13C-1l I ILeler Iriouad l tomb, w153572

Project Number. NA FK i 608-137.7413

Project Idealism NA

Sampled By: ADW

Preservation' •r..,

	

.

	

.,
A-igoeee

Client Sample CnIIMlm Method Coeur exan = ixHCL
C-11230a
D•MN03
6-NoOM
P-Methanol

Grab/ SampioltJ
Ikvxd

	

me
FBCd^

g O-Odsm

LabIF n
Date Time Comp Y/N FIB bsSpans slat Bottles per Ted

1/6/2014 1:00 PM Grob 3B A-21-27 HZD2 pall BT,Sykp N S x '41'414 O
16/2014 t^tl pin Gwb Sp-q-26-27 H3p2 pert 776 g6cy N S x t

I/bl7014 1:00 PM Gwb SB-p,-24.17 Fe Ams ST.S g7cp N 5 x : ' F ]
116/2014 11E10 PMI Gwb $8./424.27 Fe Rees 775 g^llp N S a x I 43
7/6/201! l90 PM Grab 6B.A-24.27 Pllm 23 ykp N S x x I {}L^.

T" gem IDl" Darr/]eats Relhegohdeed Bye Farefrmw ^•1Ma1:b
5 sa6
SIg-Slodac
I-hued Wash

Revolved Inn Dxte/Tior Medved IT Uelel7hne wbaaler
5W-$ultoee Woes

ww Wealewmer

J

Z lrsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413
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APPENDIX B - CT Laboratory Analytical Report
Round 1 Data Set 2

•m„ii;ni.=t= Tr<tinr .C Tc.hn +Ir•
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LABORPTORIES
URSUS REMEOIATION TESTING & TE

Protect Name. AINEC-JH BAXTER

Protect t

Priapic' Phase

Corns-act E 2089

Folder A- 102830

Page 3 orb

CT LAB Samp4a11: 427288 Sample Descnplicn: SB-D.30.33 H202 PERS 115

	

Sampled 22 81201 4 1300

Prep
Date/Time

Analysis Analyst

	

Method
Dater!' lm e

LODResult Units LOaAnatyte Dilution

	

qualifier

Organic Results

Diesel Range Organics 5200

	

mg/1g 520

	

1700

	

10 31512014 11:00

	

311012314 1908 JJY EPA 80150

Pentachknopherul

	

27

	

nglkg

	

14 `

	

48

	

20

	

3157201408:30

	

31712014 18:10 RPN EPA 5270D

CT LAB Sample* 427289 Sample Description: SS-D-30-33 FE PERS 59

	

Sampled.- 2128120141300

Prep
OatelTime

Analysis Analyst

	

Method
Date/Tim e

LODResult Units LOOAnafyte Dilution

	

qualifier

520

	

1700

	

10

Inorganic Results

Saida, Percent

Organic Results

Diesel Range Organics

68.5

	

%

8200

	

mg/kg

3732014 10:10 MDS EPA 80000

31512014 11:00

	

3/102014 1833 JJY EPA 8015C

Pentachbrophenol

	

53

	

m9A9

	

7.0

	

23

	

10

	

3/512014 08:30

	

3772014 18:28 RPN EPA 82700

CT LAB Sample: 427290 Sample Description S8-D-3433 FE PERS 115

	

Sampled: 22820141300

Prep
DatelTime

Analysis Analyst

	

Method
DatefTime

LODResult Units LOa Diluton

	

QualifierAnalyse

Inorganic Results

Solids, Percent 69.3

	

% 37312014 13-10 MDS EPA 80000

520

	

17W

	

10

3.4

	

11

	

5

Organic Results

Diesel Range Organics

	

5000

	

rng/kg

Pentachiorophenol

	

30

	

mglky

Unless specifically stated to the contrary, soillsedimerlt/siudge sample results reported on a Dry Weight Basis

I rsus Remediation Testin g & Technologies. l

	31512014 11:00

	

311112014 14 :41 JJY EPA 80150

	

3/512014 08.30

	

3172014 18:45 RPN EPA 82706

Page 40 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (508}-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LABORATORIES
URSUS REMEDIATION TESTING ATE
Prosect Name: AMEC - JH BAXTER
Project *-
Projecl Phase:

Contractx 2089
Folder*. ,02090
Page 4 of 8

CT LAB Samft lli 427291 Sample Deaenptien_ SB-D.30 . 33 PERM 69

	

Serroled 2/28120141300

LOa

	

Dilution

	

Qualifier Prep
Dahnime

Analysis Analyst

	

Method
Date/T1me

Analyte Result units LOD

550

	

1800

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

65.0

	

%

6400

	

ng tg

31312014 1210 MDS EPA 80000

3/51201411:0

	

311112014 15:08 JJY EPA 60150

Petachbrophencl

	

31

	

7.4

	

25

	

10

	

3/512014 08:30

	

31712014 1643 RPN EPA 8270D

1 C7 LAB Sample*: 427292 Sample Oescnption: SB-A-24-27 CONTROL

	

Sampled: 3128720141300

Prep
Date/ time

Analysis Analyst

	

Method
Dateline

LOD Dilution

	

Qual8terResult Units LOGAnalyte

480

	

1600

	

10

Inorganic Results

Salts, Percept

Organic Results

Diesel Range Organics

74.2

	

16

3400

	

rnekg

31312014 1010 MDS EPA 8000C

315/201411:40

	

311112014 15:35 JJY EPA 80150

Penkwhioropherol

	

31

	

6.4

	

21

	

10

	

9151201408:30

	

31712014 1921 RPN EPA82700

CT LAB Sample. 427293 Sample Description: S8-A-24-27 ALK PERS 175

	

Sampled 2/28120141300

Prep
Date7Tlme

Analysis Analyst

	

Method
DatllTlme

LOD Dilution

	

QualifierResult Units LOOAnalyte

Inorganic Results

Solids, Percent 62.6

	

% 31312014 1010 MDS EPA 80090

Organic Results

Unless specifically stated to the contrary, soillsedimentlsludge sample results reported one Dry Weigh( Basis

Ursus Remediation Testing & Technologies, LL('

Page 41 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT

	

BORII TORIE
URSIJS REMEDIATION TESTING & T£
Praiect Name: AMEC JH BAXTER
Oroect#
Project Phase

Contact# 2089
Folder # 102830
Page 5 of 8

CT LAB Sampidl: 427293 Samale Description: S8.M24.27 ALK PERS 175

	

Sarro ed. 2128/20141300

Diesel Range Organics

	

3400

	

rrglkg

	

570

	

1900

	

10

	

3151201411,00

	

3/1112014 1501 JJY EPA80150

Prep
Dater Ime

Analysis Analyst

	

Method
Datefrime

LODResult Units LOG Dilution

	

QualifierAnalytic

mglkg 3.8 13

Qualifiers applying toall Antes of Method EPA 8270D: V

Pentachlorophenol <3.0 315/2014 08.30

	

3110/2014 17:48 RPN EPA 82700

CT LAB Sandell: 427294 Sample Description SB-A-24-27 ALK PERS 350 Sampled: 21280014 1300

Analyle Prep
DatefTime

Analysis Analyst

	

Method
Datellme

LODResult Units LOO Dilution

	

Qualifier

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

50.4

	

%

4700

	

mglkg

	

700

	

2300

	

10

3/312014 10:10 MDS EPA 8000C

31512014 11.00

	

3111/2014 1655 JJY EPA 80150

mglkg 4.7 518

Qualifiers applying to all Arralytes of Method EPA 82700: V

Peninchlorophenol

	

<4.7 3151201408:30

	

311012014 18:06 RPN EPA8270D

CT LAB Sample: 427295 Sample Description: SB-A-24-27 H202 PERS 175

	

Sampled: 2128/20141300

Prep
Date/rime

Analysis Analyst

	

Method
DatefTim e

LOD Dilution

	

QualifierResult Units LOGAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

74.0

	

%

2700

	

mglkg

	

480

	

1800

	

10

31312014 10:10 MDS EPA BOOOC

3151201411:00

	

31111201d 17:22 JJY EPA 8015C

Unless specifically stated to the contrary, soillsedincntlsludge sample results reported one Dry Weight Basis

" rc11c Remediation Testin g R. TcchnoInoicc. f .1.C'
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T EABORHTORIES
..f^+^aer,.,,3 ,-,.

	

- , n . . _ -^^•.- n- .

	

1

URSUS REMEDIATION TESTING & TE
Project Name' AMEC - JH BAXTER
Project 6-
Project Phase'

Donaactik 2099
Falderal 102630
Pa 6o18

CT LAB Sam Oak 427295 Sample Description: SB.A•24.27 H202 PERS 175

	

Sampled 712920141300

Analysis Analyst

	

Method
OatelTIme

LODUnits Dilution

	

QualifierLOQResultAnalyte Prep
DatelTlme

Pentachbrophenol

	

7.3

	

rglkg

	

3.2

	

11

	

5

	

31512014 08:30

	

31712014 2614 RPN EPA 92700

CT LAB Samplelt 427296 Sample Description: SB-A-24-27 H202 PERS 350 Sampled 212812014 1 300

Analyte Dilution

	

QualifierUnits LOOLODResult Analysis Analyst

	

Method
Daterrlm e

Prep
Date/lime

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

70.2

	

%

3100

	

mpg

0.1

	

0.1

	

1

250

	

830

	

5

3!32014 11210 MDS EPA 80000

3152014 11:00

	

311112014 17:48 JJY EPA 8015C

Penlachlorophenol

	

7.4

	

1.4

	

4.6

	

2

	

3152014 98:30

	

31712014 21232 RPN EPA 8270D

CT LAB Sample* 427297 Sample Description: 53-A-24-27 FE PERS 175 Sampled: 212812014 1300

Prep Analysis Analyst

	

Method
DSIerfime

LODUnits Dilution

	

QualifierLOOResultAnalyte
DatelTlme

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

73.7

	

%

2600

	

mg/kg

	

490

	

1800

	

10

31312014 laic MDS EPA 80000

31512014 11:00

	

311112014 1015 JJY EPA 8015C

Pentachiorephenol

	

8.6

	

nglkg

	

1.3

	

4.3

	

2

	

3152014 08:30

	

3172014 2049 RPN EPA 8270D

Unless specifically stated to theconbary, sot/sedimentlsludge sample results reported one Dry Weight Basis

Ilrsus Relnediation Testing & Technologies, LLC
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LflBORfl TORIE
URSUS REMEDIATION TESTING & TE

Protect Name, AMEC - JH BAXTER

Prclect#

p rotect Phase'

Contact# 2099

Folder fk 102830

Page 7 of 8

CT LAB" pleN. 427298 Sarrole Descnpton: SB-A-24-27 FEPERS 350

	

Sarno led 2128120i 4.1300

Prep
Date/Time

Analysts Analyst

	

Method
Oaten-We

LODResult Units LOQ Dilution

	

QualifierAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

72.3

	

%

2800

	

rnglkg

D.1

	

0.1 1

250

	

810

	

5

37312014 10:10 M OS EPA 80000

3/5/2014 11:00

	

3/1112014 1542 JJY EPA 80150

Pentachlotophenol

	

11

	

mtikg

	

1.3

	

4.4

	

2

	

3151201408'30

	

31712014 21:07 RP N EPA 82700

CT LAB Sample. 427299 Sample Description: SB-A-24-27 PERM 87.6

	

Sampled: 212820141300

Prep
DatelTlme

Analysts Analyst

	

Method
DatelTlme

LODResult Units LOQ Dilution

	

QualifierAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

73.2

	

%

2800

	

mg11g

	

490

	

1900

	

10

313/2014 1010 MDS EPA 8000C

31512014 11:00

	

31112014 1909 JJY EPA 80150

Qualifiers applying to alt Analytes of Method EPA 82700: V

Pentachlon phenol

	

<3.3

	

rngfkg

	

3.3

	

11

	

5

Unless specifically stated to the century, soil/sediment/sludge sample results repotted on a Dry Weight Bass

I rsus Remediation Testin g & Technologies, I I

31512014 08:30

	

31100014 18:23 RPN EPA 82700
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT L RORTORL{5
;1r4,.•ei,

	

red,: 5-I n , ,inr-, ',le, ..^

	

. ,

URSUS REMEDIATION TESTING & TE
Project Name: AMEC - JH BAXTER
Project S:
Project Phase

Contract* 2089
Folder w: 102830
Page 8 of 8

Notes: ' Indicates Value in between the LOD (lint of detection) and the LOO (limit of quanitatinn).

All samples were received intact and property preserved unless otherwise noted. The results reported relate only to the samples tested. This report shall not be
reprbduoetl, except it full, without written approval of this laboratory. The Chain of Custody is attached.

QC Qualifiers

Code Descrlotlon Current CT Laboratories CertlflcatloersB Analyte detected in the associated Method Blank. Illinois NELAP ID# 002413
C Toxicity present in BOD sample. Kansas NELAP 10# E-10368
D Diluted Out Kentucky ID# 0023
E Safe, No Total Coliform detected. Pennsylvania NELAP 1D# 68-04201
F Unsafe, Total Collform detected, no E. Coll detected.

New Jersey NELAP ID# VN001G
II

Unsafe, Total Coliform detected and E Coli detected.
Holding time exceeded. North Caroline ID# 674

J Estimated value. Wisconsin (WDNR) Chemistry ID# 157066030
L S1gnMcant peaks were detected outside tire chromatographic window. Wisconsin (DATCP) Bacteriology ID# 105-289
M Matrix spike ardlor Matrix Spike Duplicate recovery outside acceptance limits. DoD-ELAP A2LA Cert # 3317.013
N Insufficient BOO oxygen depletion. Alaska ID # UST-098
O Complete BOD oxygen depletion. Louisiana ID If 115843
P Concentration of analyte differs more than 40% between primary and confirmation analysts.

Virginia 10#460203
d
R

Laboratory Control Sample outside acceptance limits.
See Narrative at end of report ISM EC 17025-2005 A2LA Cert # 3317.01

S Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EPD Stipulation ID 115843, Expires Annually

T Sample received with Improper preservation or temperature.
U Analyte concentration was below detection limit.
V Raised Ouantitation or Reporting Limit due to limited sample amount or dilution for matrix background interference.
W Sample amount received was below program minimum.
X Analyte exceeded calibration range.
Y ReplicatelDuplicate precision outside acceptance limits.
Z Specified calibration criteria was not met.

Irsus Remediation Testing & Technologies, LLC

Submitted by Pat M. Letterer
Project Manager
608.358-2760

200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413
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AMEC Environment & Infrastructure

October 28, 2014

JH Baxter - Arlington, WA

Chain of Custody Page	 )	 of	 d

Company Nnmr. 13nus iremniiahon Testing k Technolypes Send Samples Ire Lsharntory Um Qny

Address: 200E Lincoln SI Draw 1lemediatlon Toning lie Tech lee Present

	

Yes

	

NoProject ConWrl: Andy Wenzel

-

	

City/51nte/Zip Mount Horeb WI 53572 Telephone. 608-437-7413 200 E Lincoln Shed 5ggsple Cenddiom

Project Name: AMEC - JH Baxter Mount Horeb WI53572 15 •^
Project Number. NA PH 608-437-7413

Project Location: NA 	 :	

t'"og ".

	

102830 3--JI 'F-i

	

2 051)4-sampled By: ADW

Areservatifm• comer* LRSCS RENIEDIATIt1X I I
_

•►rmneatlea
AeNone
WHO.

t7-tir4a6

FMew
O=Olher

Client Sample Colts:Mon Method Conmentm

p

PlnJ.c :

Logged

AMR-

TKR

I

Ill BAXTER

PM

I

.............................................

I'M I

x
Collodion Grab/ Sample 1D

Description

FilYd
YIN

Lab ID N

Date Time Comp FBI in

	

with Softies per Test ,_

2/28/2014 SB-D-30-33 Control N 121 2]^-(t-

x/78/2014 BB-D-3043 A1k Pen 690*0 N
^•^-4g -12 p•7

2/26/2014 SS-D-30-83 Alk Pen 115 ..

	

, N 421 `^.y

2/26/20,4 42'118 7
2/76/2014

g^+21256
212S/2014

^

*21
2/23/2014 `-

	

•

	

•l.• NI 42'12RO
2/28/21114 1.90 PM Grab SB-D.30-33 Pert 89 glk0 N S x 42'l 201 1

2/25/2014 190 PM Grab 8B-424-27 Control N S s
y
't L^ 2.g2-

2/2813014 MI PM rib SB-A-24-27 Afk Pers 175 gskg N 5
y

	

^y/
-12 1 VI

2/28/2014 t:00PM Grab BB-A-24-77 AlkPm35Dg/kg N 5 x k/ `IVI*
% By:7

/

lI

	

/ pzfhiyulrlred By: ^ec/'llme ark_-6ot5
Ns-s

1.tmkt Weser
cw. murdwwa
5W-Surface Wafer
W W-Wane.wter

' o+ / d/7Jl

Zj! e
eed lryc Date/Time Received by;

v

Darr/Time

2128It4 4',V3

i ens Rcrnccliatinn Tcctin!i @ Technnlocrjes. !

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Z

Company Names limas Remediatim Teriing 4r Trebnttl

	

x Seed Taanmlesmx LseewMery U.S Only

pmjeclConlact Andy Wand

	

Address: 200E 1lmCdn Si Ursus Remcdiation Tasting&Tea

200B!.Marsh Stn++e

Ice 'nest

	

Yea

	

740

4

	

to CepdMtoa.ix

	

/Spam/ Mmmnt limb, W153572

	

Tel

	

hone. .I-

	

77.7413

Pealed Nome: AMEC-m Baxter Mount Horeb, W137572

MI 606137-7413Prole[[ Numbs' NA

Pealed Pas NA

Sampled By: ADW

Preservation*
•lseenaNm
A_1^.

er ecru Sample Glleatlan Method Ceem enSE ^, ]t-HCt.

La
Sample IV
Deaedpllon ®

i G_ 3 LO ID S

Fill in Spaces with BotlhS

	

- Terie-

	

.

2/25/2014 IMD PM i„ S8-A.24.27 H202 Pets 175 •!;,• N S x x EFil !M

2/26/21114 IMO PM EM 5&M24-2711202 Pews 350 plRg ©©a riFSM

I
''1111111111111II 11__- _--^__-

Date/11me -

	

.

11

l lrsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-7413

APPENDIX C - CT Laboratory Analytical Report
Round 2 Data Set 1

R^int di:tt Ili Te,lin .
200 l• Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-7413

(T LABORII TORIES
CT Leboratoelas LLC . 1230 Lange Ct • Baraboo. WI 53913

608.356 . 2760. w n w.ctleborarories.com

ANALYTICAL REPORT

URSUS REMEDIATION TESTING & TE

ANDREW WENZEL

1412 MANOR DRIVE

MOUNT HOREB, WI 53572

Project Name: AMEC- lH BAXTER

Project Phase:

Contact* 2089

Project #:

Folder N. 106184

Purchase Order d

Page 1 of 8

Arrival Temperature: See COC

Report Date: 0910912014

Date Received: 081142014

Reprint Date:

	

091092014

CT LAB Sampe*: 488374 Sample Description: SB-D-30-33 CONTROL

	

Sampled: 0811412014 1300

Prep
Date/Time

Analysis Analyst

	

Method
DatelTime

LODResult Units LOOAnalyte Dilution

	

qualifier

Inorganic Results

Solids, Percent 70.5

	

% 0.1

	

0.1

	

1 08/142014 14:50 ABS EPA 80000

Organic Results

Diesel Range Organics 12000

	

mg/kg 400

	

1400

	

10

	

M

	

081141201413:30 08!182014 11:17 SRT EPA 80150

Pentachlorophenol

	

18

	

1.2

	

3.7

	

20

	

M

	

08!141201413:30 06212014 11:47 RPN EPA 82'700

CT LAB Sample* 488375 Sample Description: SB-D-30-33 CONTROL-DUP

	

Sampled: 0811412814 1300

LOD Prep
DatelTlme

Analysis Analyst

	

Method
Datef Time

LOO Dilution

	

QualifierResult UnitsAnalyte

Inorganic Results

Solids, Percent 71.4

	

% 0.1

	

0.1 081142014 14:50 ABS EPA 8000C

Organic Results

Pentachlarophenol 22

	

mg4sg

	

1.2

	

3.7

	

20 087'1412014 13:30

	

0812112014 12117 RPN EPA8270D

Unless specfically stated to tie contrary, soil/sediment/sludge sample results reported one Dry Weight Basis

t I rsus Relnediotion Testing & Technologies, LLC
200 E Lincoln Street, Mount Horeb, WE 53572 (608)-437-74D



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LRBORRTORIES
tt or

	

-to

	

:.r r4d

URSUS REMEDIATION TESTING a TE

Project Name. MAC-4H BAXTER

Pro ec1 0-

PropictPhsse-

Contractile 2069

Folder S 400184

Page 2of8

I CT LAS Sampe4: 488376 Sample Description: SB-D-30-33 ALK PERS 8G/KG

Analyte Result Units LOD

Inorganic Results
Solids, Percent 73.4 % 0.1

Organic Results

Diesel Range Organics 14000 mglkg 380

Penochkrophenol 26 kg 0.2B

LOQ

0.1

	

1

0811412014 13301300

	

10

5 0 011 412014 13:300.89

Dilution

	

Qualifier Prep
DatefTime

Analysis Analyst

	

Method
DatelTlme

01311412014 14:50 ABS EPA 80000

06/1872014 1233 SRT EPA 80150

0812112014 1227 RPN EPA 8270D

Sampled- 0811412014 1303

CT LAB Sample* 488377 Sample Description: SB-D-30-33

	

ALK PERS 8G1KG-DUP

	

Sampled: Mt 412014 1300

Analyte Result units

Inorganic Results

Solids, Percent 73.8 %

Organic Results

Pentachlorophenol 26 rrarkg

too Dilution

	

Qualifiertoo

0.29 0.90 5 081141201413:30 0812112014 1247 RPN EPA8270D

Prep
DatelTlme

Analysis Analyst

	

Method
Date/Tim e

0811412014 14:50 ABS EPA 80000

CT LAB Sampler 488378 Sample Description: SB-D-30-33

Analyte Result Units LOD

inorganic Results

Solids, Percent 73.5 % 0.1

Organic Results

Diesel Range Organics 14000 nglkg 380

Sampled: 0611412014 1303

Analysis

	

Analyst
Daterrim e

Method

0611412014 14:50 ABS EPA B000C

0811812014 1258 SRT EPA 8015C

ALK PERS 18G/KG

LOQ Dilution

	

Qualifier prep
Date/Time

D1

081141201413:301300

	

10

Page 50 of 58

Unless specifically staled to the contrary, soillsediment1sludge sample results reported on a Dry Weight Basis

l lrsus Remediation Testing & Technologies. LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
]H Baxter - Arlington, WA

(T LlBOR11 TORIES
URSUS REMED1ATICN TESTING & TE
Project Name' AMEC-.H BAXTER
Prefect 9
Protect Phase .

Contact* 2089
Palderib 108184
Page 3 of 8

CT LAB Sannplee: 488378 Sarnole Description: SR- q-30.33

	

ALK PERS 18GMG

	

Sampled. 00/14/2014 1300

Pentachbrophenol

	

20

	

025

	

0.89

	

5

	

081141201413:30

	

0812112014 13:07 RPN EPA 8270D

J
CT LAB Sample: 488379 Sample Description. S8-D-30-33

	

ALK PERS 16G/KG-CUP

	

Sampled 05114/20141303 1

Prep
DatelTime

Analysis Analyst

	

Method
Oaten' lme

LODResult Units LOOAnalyse Dilution

	

Qualifier

Prep
DatelTlme

Analysis Analyst

	

Method
DatefTime

LCDResult Units LOOAnalyre Dilution

	

Qualifier

Inorganic Results

Solids. Percent 74.0

	

% 0811412014 14:50 ABS EPA 80COC

Organic Results

Pentachlorophenol 08tl 412014 13.30 0812112014 13:26 RPN EPA8270D58.2 0.890.28mglkg

i
CT LAB Sample: 488380 Sample Descriptor: SB-D-30 . 33

	

ALK PERS 23G/KG

	

Sampled: 0811 412014 130,0

Prep
DatelTime

Analysis Analyst

	

Method
DatefTime

LODResult Units LOQAnalyse Dilution

	

Qualifier

370

	

1300

	

10

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

75.4

	

%

15000

	

mgfkg

0811412014 14:50 ABS EPA 8000C

08/141201413.30

	

0811812014 13:23 SRT EPA8415C

Pentachbrophenol

	

9.0

	

m9ikg

	

0.28

	

0.88

	

5

	

08/1 412014 13.30

	

0812112014 13:48 RPN EPA8270D

CT LAB Sample: 488381 Sample Descriptor, 58-0-30-33

	

ALK PERS 23G/KG-DUP

	

Sampled 0811 412014 1 300

Prep
DatefTlme

Analysis Analyst

	

Method
DatelTim e

LODResult Units LOOAnalyte Dilution

	

Qualifier

Unless specifically stated to the contrary, soil/sediment/sludge sample results reported on a Dry Weight Basis

i rsus Rcrneriiation Testing & Technologies. I I

200 E Lincoln Street, Mount Horeb, WI 53572 (508}-437-7413 Page 51 of 58



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T

	

II B0Rfl TORI{S
'n-rte .rrr-rr , ,nln^• r il.7l f 1('r ry*

URSUS REMEDIATION TESTING S TE

Protect Name' AMC-1H BAXTER

Prclecl

Protect Phase .

Contact# 2098

Polder # 108984

Page 4W8

CT LAB Sample* 488381 Sample Description SB-6-3133

	

ALK PERS 23G1Ktts•DUP

	

Samoied 08114120141303

LOO Dilution

0.1

50.87

Analyze Result Units LOD

Inorganic Results

Solids, Percent 75.9 98 0.1

Organic Results

Pentachbrophenol 6.3 nvkg 1125

Qualifier Prep
DatelTlme

Analysis

	

Analyst
DatelTlme

Method

0811412014 14:50 ABS FBA 80000

0 811 412 01 4 13:30 0812112014 14:08 RPN EPA 82700

Sampled 0811 41201 4 1 300CT LAB Sampled!: 488382 Sample Description: SB-A-24-27 CONTROL

Analyse Result Units LOD LOQ Dilution Qualifier Prep
Datelfime

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Pentachlomphencl

s0.1

1 woo

19

9A

mg95g

mglk0

0.1

350

1.0

0.1

1200

3.3

1

10

20

081141201413:30

088 41201 4 13:30

CT LAB Sample, 488383 Sample Description: SB-A-24-27 CONTROL-DUP

Analyse Result Units LOD LOQ Dilution Qualifier prop
DabalTime

Inorganic Results

Solids, Percent

Organic Results

Pentachbrophenol

80.7

9.9

%

mgrkg

0.1

1.0

0.1

3.2 20 081'1412014 13:30

Analysis Analyst

	

Method
DatelTime

0811412014 14:50 ABS EPA 80000

0811812014 13:48 SRT EPA 60150

0812112014 14:28 RPN EPA 8270D

Sampled: 0811 41201 4 1300

Analysis Analyst

	

Method
DataITime

0811412014 14:50 ABS EPA 8000C

08/2112014 14:40 RPN EPA52700

Unless specifically staled to the contrary, soiSsedimerdlsludge sample results reported on a Dry Weight Basis

Irsus Remediation Testing & Technologies, LLC
200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LII BORII TORILS
URSUS REMED1AT10N TESTING & TE

Protect Name: AMEC-Jil BAXTER

Pr gect#

Protect Pr®se

Contract >'l 2088

Folder A- 108184

Page 5 rd 8

CT LAB SampieM : 488384 Sample Descnption: SB.A-24-27 ALK PERS 8G1KG

	

Sarral l5/14/2014 lam

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LODResult Units LOQ Dilution

	

QualifierAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics 9800

	

mgArg 340

	

1200

	

10

08/1412014 14:50 ABS EPA 8000C

0811412014 13:30 087182014 14:14 SRT EPA 80150

Pentachlorophenol

	

7.4

	

rtglkg

	

0.26

	

0.81

	

0811412014 13 30 08/2112014 1506 RPN EPA 8270D

CT LAB Sampldk 488385 Sample Description: SB-A-24-7!

	

ALK PERS BG/KG-DUP

	

Sampled: 0811412014 1300

Prep
DatelTlme

Analysis Analyst

	

Method
DatelTime

Analyte Result Units LDD LOQ Dilution

	

Qualifier

Inorganic Results

Solids, Percent 81.0

	

% 0811412014 14:50 ABS EPA 80000

CT LAB Sample: 488388 Sample Description: SB-A-24-27

	

ALK PERS 1604CG

	

Sampled: 0011412014 1300

Organic Results

Pentachlorophenol 0811412014 13:30 081212014 15:28 RPN EPA8270057.5 0.810.26

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LoaResult Units LCDAnaryte Dilution

	

Qualifier

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

81.0

	

%

8900

	

rrglkg

	

340

	

1200

	

10

081140014 14:50 A PS EPA 80000

0811 412014 13:30 08118/2014 15:30 SRT EPA 80150

Page 53 of 58
`rsos Relnediatinn Testing & Technologies. 1.1

200 E Lincoln Street, Mount Horeb, WE 53572 (608)-437-7413

Unless specficaly slated to the contrary, soillsedirnent)sludge sample results reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LHBORHTORILS
URSUS REMEDIATION TESTING 8 TB
Project Name AMEC-JH BAXTER
Project M
Protect Phase'

Contract t' 2069
Folder IC 106184
Page 8 or 6

[CT LAB Samplee, 488388 Sample Deecnptan: SB•A•24.27 Samofed. 0811 412014 1300

Analyte

ALK PERS 16GIKG

Pentachbrophenol

	

6.2

	

Inglkg

	

026

	

080

	

5

	

0811 41201 4 13:30 08/212014 15:46 RPN EPA8270D

CT LAB Sampledt: 488387 Sample Description: SB-A-24-27

	

ALK PERS 16G1KG-OUP

	

Sampled: 0/1420141300

Prep
DatelTime

Analysis Analyst

	

Method
Daterritne

LOD Dilution

	

QualifierResult Units LOQAnalyte

Prep
DatelTime

Analysis Analyst

	

Method
Deteftime

LOD Dilution

	

QualifierResult Units LOQ

Inorganic Results

Solids, Percent 79.6

	

% 08/14/2014 14:50 ABS EPA 6000C

Organic Results

Pentechbrophergl 0811412014 13:30 08/212014 18:32 RPN EPA 8270450,28 0.638.2

CT LAB Sample* 488388 Sample Description: SB-A-24-27

	

ALK PERS 23GMG Sa mp led: 0811 412014 1303

LOQ Prep
Oaten I me

Analysis Analyst

	

Method
Oaten ime

LOD Dilution

	

QualifierResult UnitsAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

51.1

	

%

11000

	

818/59

0.1

	

0.1

350

	

1200

	

10

061142014 14:50 A9S EPA 80000

081142(11413:30 08118/2014 15:55 SRT EPA 8015C

Pentachbrophenol

	

8A

	

0.28

	

0.82

	

08114201413:30 0821/2014 16:52 RPN EPA 8270D

CT LAB Sample!: 488389 Sample Description: SB-A•24.27

	

ALK PERS 23G/KG-OUP

	

Sampled: 0811 4201 4 1 300

Prep
Dater! me

Analysis Analyst Method
DateRlme

LOD Dilution

	

QualifierResult Units LOOAnalyte

Unless specifically Stated to the contrary, soil/sediment/sludge sample results reported on a Dry Weight Basis

1 Jrsus Remediation Testing & Technologies, LLC..

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

ET EABORATORIES
URSUS REMEDIATIQN TESTING & TE

Prolix! Name. AMEC-JH BAXTER

act it

Project Phase .

Contract* 2058

Folder 108184

Pogo 7 or 8

CT LAB Sampleil: 488389 Sammie Descnption. SBrA.24-27

	

AU PERS 23G/KG-OUP

	

Sampled 0811412014 9300

Analyse Result Units LOD Loa Dilution

	

Qualiner Prep
DatetTime

Analysis

	

Analyst
DatelTim e

Method

Inorganic Results

Solids, Percent

Organic Results

80.3 % 0.1 0.1 0811412014 14:50 ABS EPA 8000C

Pentachlomphenol 7.7 mg/kg 0.26 6 82 5 08114/201413:30 0812112014 17:12 RPN EPA 8270D

Unless spec ihcally stated to the contrary, soGsedimentlsludpe sample resuls reported on a Dry Weight Basis

' sus Remediation Testing & Technologies, 1.1 :

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

cr LWBORUTORIES
URSUS REMEDIATION TESTING 8 T£

Project Name. AMEC-JH BAXTER
Project fa
Pmfect Phase'

Contract R 2096
Frederik 105184
Page 804

Notes • Indicates Value In between the LOD fend al deteesem and the LOQ ("ma of quanbratton).

Al samples vie received intact and property preserved unless otherwise noted. The results reported relate only to the samples tested. This report shall nct be
reproduced, except in full, without eaten approval of this laboratory. The Chain of Custody is attached.

submaiad by

	

Pat M. Letterer
Project Manager
008-35&2780

QC Qualifiers

Code Description Current CT Laboratories Certifications
B Analyte detected in the associated Method Blank. Illinois NELAP ID# 002413
C Toxicity present in BOD sample. Kansas NELAP ID# E-10368
D Diluted Out. Kentucky LOS 0023
E Safe, No Total Coliform detected.

Pennsylvania NELAP If)# 68-04201
F Unsafe, Total Coliform detected, no E. Coll detected.
O Unsafe, Total Conform detected and E. Coll detected. New Jersey NELAP ID# WIOOI

H Holding time exceeded. North Carolina ID# 674

J Estimated value. Wisconsin (WDNR) Chemistry ID# 157066030
L Significant peaks were detected outside the chromatographic window. Wisconsin (DATCP) Bacteriology ID# 105-289
M Matrix spike andfor Matrix Spike Duplicate recovery outside acceptance limits. DoD-ELAP A2LA Cert # 3317.013
N Insufficient SOD oxygen depletion. Alaska ID # UST-099
D Complete BOO oxygen depletion.

Louisiana ID II 115843
P Concentration of analyte differs more than 40% between primary and confirmation analysis.

Laboratory Control Sample outside acceptance limits. Virginia ID# 460203

R See Narrative at end of report. !SDI EC 17025-2005 A2LA Celt # 3317.01

S Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EPD Stipulation ID 115843, Expires Annually

T Sample received with improper preservation or temperature.
U Analyte concentration was below detection limit.
V Raised Quantftation or Reporting Limit due to limited sample amount or dilution for matrix background Interference.
W Sample amount received was below program minimum.
X Analyte exceeded calibration range.
Y ReplicatelDupkcate precision outside acceptance limits.
Z Specified calibration criteria was not met

Ursus Re mediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413
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AMEC Environment & Infrastructure

October 28, 2014

HI Baxter - Arlington, WA

Chain of Custody Page
-
/ of	 Z

1S In:

Testing &

106184

	 ^	

i taboratatr.WCOr4y_. ---Company Name: tarsus Rem dialler Teating" Technolgoes^-- --

	

-------- -- l

Addreg 7D0 E 1^ncabt St Unm Retrredutlon

E l^KnlnSbeel

608-437-7913

••

MauntFlnreb.W153572

Pmject Conlacl: Andy Wenzel Tech !re Prerem

	

No

:7:

4-5
v-r

City/State/Zip oanl HOrcb W[ 53572 Telephone: 606 437-7413 200

...a	

Sa mokCa

l
^^'^J y

RJr

,,	
___....

ndiaas

^^^^„^.1'L.}

	

'C

.

PrajeclNamc AMl:C-]H Baxter

Prolbcl Number. NA 1'H..

Project lacalion: NA

Sampled By: ADw

Pretlervakion"I I I Folderp,

.

I Atreaervatraa

b=NCI.aienl Sample Collection Method Comanentc

o
a

Compaty': lRSUS RE1^nIATIOV

Project' ,^ M C JH QA\TFR

^'Mlrcd BI

	

PSl

	

p\I

.__ Z...

	

yaa

	

_	

y

SlJ

9
H

C=It29C)l
D-flNOS
EyN•011
F=Mnlunel
O^Ottber

Collection Crab/ SamplclD

Uesmpleon

FOl d
YIN

lab lD k
Date Thar Camp Fill in Spaces with Bottles per Test

6/14/2014 1:00 PM Grab SB^D-30.13 ControE N S x x C.^^^j^l^.

8/14/2014 100 PM Grab SB-D3033Cmlraf-DUp N S x 40 iSj t^

0/14/2014 100 PM Gr•b SB-D-31133 AR Pecs a pfltg N 5 x x C^^^3`i(p

S/NJ2014 100 PM Grab SB-D•30.33 Ale Pers B glkg - pUP N S x L47'g

E/14/2fn4 1110 PM Grab SB-D-30-33 Ale Pars l6 ykp N S x x l-M
6/1AJ2014 ifl0['M Gtab S6-D-3D-33 AIt PCA 16 QEtg-DUP N S a

8/79/2UlA 1110 PM Gnb $^p3p.334Nc pars 23 N1kp N S x x _ `aj p^
6/ 14/ 2014 itln PM Grab SB-0-3433 ABc Pd! 23 glkq •DUP N S x OAS 3$i

8/14/2014 110 PM Grab 58-44427 Camml N S x it

8/14/2014 1:00 PM Grab SB•A-2427Gmtrol-DUP N S x 1--'

	

^$ 3
8/ 14/ 1:00 PM

.

Grob $8.4.24.27 ANC Pets 6 g6rg N S x x
^^}

	

i ^
t4 51 ,7 b4

L(^ (/^

- _ /

_ _..

	

__

/

3 c -

RrBrydshrd.ity.

-

Dam/Sine

---

AMA--
S-Sail

Mndst Waste
CWTwr a

	

ter
SW3orfacm Weer

r Wa

W W-Wastewater

Remind by: Date/11m Received by: Date/Ttme

1,-I'

	

3r1

'rims Rernediaticn Testinc & Tcchnnlocies.

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

,?t Z
d

	

- .Cwnpany Naiiee:

Project Contact-
UUta RemedlelfnrToetinSA•T

Andy Wenzel

-

Addma 200 E Lincoln St

_

Ueeue RmnedialfonTWMgkTerh

200 E IhtmlttSUeet

Momei Ifineh wl S35T1

	

'

PH 608-437-74t7

lee lrerenl

	

7a

	

No

SamsleCand noon

	

-^

	

-

	

3•
it Y Q ^}, L^^, {_ 4!'^sr^

e-

•

City/Stale/ZIp MCwud Numbs WI 53572 Telephone: 606457.7413

Pmjeei Nacre: Ah16C • P-1 Baxter

	

_

Pnejett Number: NA

Project Lotatlon: NA

Samptedlly. AAW

PreseFtrAllOllr
•ne^.aand
A.Nmr

C1feM Sample [alletfioo Itlellrod Camwentx bHCL

Ert4WH
F-Medatrol
O.Oerr

pCslfecUon Grab/ lib iU aSample It7

ilaacr1ptfon

F0t'd
Y/N F011n5pam wtfh 8a01es perTatnnk Time Crmry

8/14/2014 ti10 PM Crab SB-A•2M27 Afk Pelf a g8cp • OUP N s x Wei 3SS
8l14/21I11 1110 PM Crab $&A-24-27 nts Part' 16 ylcp N S n x 4

	

5%4, _

8/14/2014 lifO PM Crab $6-A-21-27 JUt Par918 gllcQ-WP _N 5 a - H v Vivo

fl/]4/2014 1A0 PM C;rab $B-A$1-?7 Ale Part' $3 gllrg N 5 a n
I

	

V
`i C n 03 n c

L .0/11/2011 1i)O PM

_

Grab 8&M11-27 ANC Pen 23 p9c0 -OUP N 5 a ^

	

3

--
^

J/r^^^
J^

Pale

(fY-fie7
^2

%.$
(

ReWquhhed 0t': Tate/T1me "xrd.

'[^ Gw.Gnurdwa er
SfYSmllutWahe
WW-Wanewaen

hY O -

	

_ pale/Tfine Received by

	

-

fhUf"

Qre/Tiote

J NI 4I3r7

Ursus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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